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Comparison  is  the  basis  of  Appreciation. 

(IT  An  amateur  usually  buys  his  camera  at  a 
price  which  includes  a  lens  —  but  not  an 
anastigmat  —  that  is  generally  an  extra,  and 
worth  every  penny  paid  for  it. 

(IT  However  good  the  camera  itself  may  be, 
if  the  lens  is  not  good  your  pictures  will 
suffer. 

{JT  One  photographic  season  with  a  Cooke  Lens 
will  be  sufficient  for  you  to  recognise  the 
notably  different  results  obtained  with  this 
lens  over  one  of  cheaper  make. 

(IT  The  present  enthusiastic  owners  of  Cooke 
Lenses  may  seem  to  exaggerate  when 
expressing  their  appreciation,  but  they  are 
justified  by  actual  results. 
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PREFACE 

THE  object  of  the  author  in  writing  the  present  book 
has  been  not  to  provide  a  guide  or  text  book  for  those 
desiring  to  practise  the  art  of  photography,  but  rather 
to  give  in  a  popular  manner  an  outline  of  its  operations 
for  the  reader  who  seeks  to  know  something  about 
photography,  without  necessarily  wanting  to  practise 
it.  We  believe  there  are  many  people  who  like  to 
acquire  knowledge  of  a  subject  simply  for  the  sake 
of  knowing  in  a  general  way  "  How  it's  done."  It 
is  for  such  people  we  have  written  this  book,  and  we 
have  endeavoured  to  divest  it  of  detailed  technicalities. 
The  task  has  not  been  an  easy  one,  and  it  would  have 
been  much  less  troublesome  for  the  author  to  proceed 
on  the  usual  lines  of  describing  the  processes  with  the 
completeness  necessary  to  enable  them  to  be  worked 
from  the  instructions  given.  That  would  have  meant 
a  much  larger  book,  for  which  probably  there  is  no  real 
need,  as  there  are  so  many  excellent  treatises  on  the 
subject  already  published.  The  author  has  endeavoured 
to  carry  out  the  aim  of  the  publishers  of  this  series,  and  if 
the  book  should  fall  into  the  hands  of  some  who  are 
already  well  up  in  the  subject,  and  who  may  consider 
there  is  little  that  is  new  in  it,  let  them  remember  that 
there  are  many  people  who,  not  having  had  their  advan- 
tage, may  find  such  a  book  as  this  interesting  and 
possibly  useful. 
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PHOTOGRAPHY 

AND  ITS  APPLICATIONS 

CHAPTER  I 

THE   DISCOVERY   OF   PHOTOGRAPHY 

IF  the  average  well-informed  man  were  asked  who  was 
the  discoverer  of  photography  he  would  most  probably 
answer  by  naming  Daguerre,  the  inventor  of  the  Daguer- 
reotype. But  though  this  famous  Frenchman  did  a 
great  deal  for  the  advancement  of  photography  he  was 
not  the  actual  discoverer  of  the  photographic  action 
of  light. 

The  idea  of  forming  an  image  in  a  camera  originated 
long  before  photography,  in  the  sense  we  know  it, 
was  thought  of.  It  is  probable,  judging  by  the  writings  of 
the  ancient  philosophers,  that  the  idea  of  forming  an  image 
in  a  darkened  room  by  allowing  light  from  the  outside 
to  pass  through  a  tiny  hole  in  a  window  shutter  was 
known  from  the  remotest  period  of  civilization.  This 
is  the  principle  used  down  to  the  present  day  in  the 
pinhole  camera,  though  now  employed  only  as  a  toy, 
or  as  a  demonstration  of  the  action  of  light,  and  it  was 
on  this  principle  also  that  the  camera  obscura  was 
based.  The  words  "  camera  obscura  "  are  equivalent  to 
"  dark  chamber." 

Baptista  Porta  applied  this  principle  in  a  practical 
way  at  Padua,  in  1558.  He  replaced  the  dark  chamber 
by  a  small  box,  and  covered  the  tiny  hole  at  one  end 
of  it  with  a  lens,  whilst  at  the  other  end  was  a  screen 
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for  receiving  the  image.  Thus  he  had  the  elements 
of  the  modern  camera.  The  apparatus  was  at  first 
used  merely  as  a  scientific  toy,  but  at  a  later  date  was 
used  in  a  modified  form  for  tracing  the  outlines  of 
landscapes  as  a  guide  to  artists. 

An  apparatus  in  the  form  of  a  table,  with  a  glass 
top,  underneath  which  was  a  camera  having  an  inclined 

mirror  to  reflect  the 
light  upwards,  is 
described  in  a  book 
published  in  Paris 
in  1755.  To  work 
with  the  apparatus 
a  sheet  of  tracing 
paper  was  laid  on 
the  glass  top,  and 
the  lens  of  the 
camera  pointed  to- 
wards the  view,  so 
that  the  outline  of 
the  image  could  be 
then  traced.  Such 
a  tracing-table  is 

used  at  the  present  day  by  draughtsmen,  and  the 
inclined  mirror  is  a  feature  of  the  Reflex  camera,  which 
is  so  largely  used  by  press  photographers. 

It  was  quite  natural  when  at  a  later  date  it  was 
discovered  that  light  could  be  made  to  darken  paper 
coated  with  certain  chemical  compounds  that  efforts 
were  made  to  fix  the  camera  obscura  image  by  receiving 
it  on  such  sensitive  paper. 

These  two  things — the  invention  of  the  camera 
and  the  discovery  of  the  action  of  light  on  chemically 
treated  paper — constitute  the  genesis  of  photography, 
and  all  the  advances  to  the  present  date  have  been  in 
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the  direction  of  improving  the  camera  on  the  one  hand 
and  the  sensitive  surfaces  on  the  other.  It  is  noteworthy, 
that  no  difference  in  principle  has  been  discovered — the 
camera  still  contains  all  the  features  of  the  camera 
obscura,  and  the  sensitive  surface  is  in  the  essential 
elements  the  same  as  when  first  discovered.  The 
improvements  have  been  in  matters  of  detail,  but  the 
progress  in  that  respect  has  been  marvellous. 

The  principle  on  which  photography  is  based  is  a 
combination  of  optics  and  chemistry.  The  optical 
side  originated,  as  we  have  shown,  in  the  camera  obscura, 
and  the  chemical  side  of  it  was  due  to  the  discovery 
that  light  darkens  silver  compounds.  This  latter 
property  was  known  as  early  1556,  in  which  year  the 
old  alchemist  Fabricius  records  that  he  had  observed 
the  sun's  rays  had  a  blackening  effect  on  horn  silver — 
a  crude  form  of  silver  found  in  the  mines  of  Freiburg. 

No  practical  deductions  were  made  from  this  discovery 
until  a  much  later  period  (about  1778),  when  Scheele, 
a  Swedish  chemist,  entered  upon  a  scientific  investigation 
of  this  darkening  action  of  light  on  silver  chloride. 

Other  investigators  confirmed  the  results  of  his 
experiments  and  extended  the  knowledge  of  the  subject. 

The  earliest  recorded  attempt  to  produce  a  picture 
by  means  of  this  property  of  light  and  chemical  action 
was  by  Professor  Charles,  at  Paris  in  1780.  He  caused 
a  silhouette  of  one  of  his  pupils  to  be  cast  upon  a  sheet 
of  paper  by  means  of  a  powerful  ray  of  light.  The 
paper,  which  had  been  treated  with  silver  chloride, 
was  darkened  in  the  parts  exposed  to  light  whilst  those 
portions  which  were  in  shadow  remained  white. 

The  first  really  practical  and  persistent  efforts  to  make 
photographic  pictures  were  by  Thomas  Wedgwood, 
a  son  of  the  famous  potter.  Working  with  the  aid 
and  under  the  advice  of  Sir  Humphrey  Davy  he  was 
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able  to  evolve  a  process  which  was  published  in  the 
journal  of  the  Royal  Institution  in  1802.  It  was  described 
as  "  A  method  of  copying  paintings  upon  glass,  and  of 
making  profiles  by  the  agency  of  light  upon  nitrate 
of  silver."  The  system  employed  was  similar  to  that 
sometimes  now  used  for  obtaining  prints  of  such  objects 
as  leaves,  ferns,  etc.,  by  pressing  them  in  contact  with 
a  sheet  of  sensitive  paper  and  exposing  to  light.  The 
result  is  a  silhouette  image  in  white  on  a  dark  background. 
Attempts  were  made  by  Wedgwood  and  Davy  to 
obtain  on  the  sensitive  paper  the  image  formed  in  the 
camera  obscura,  but  these  efforts  met  with  no  success, 
though  some  images  were  obtained  in  a  similar  way 
by  means  of  the  solar  microscope.  All  endeavours 
to  render  the  prints  permanent  were  unsuccessful, 
and  the  experiments  were  apparently  dropped. 

A  more  definite  step  towards  the  realization  of  the 
idea  of  photography  was  taken  by  Joseph  Nicephore 
Niepce,  who  began  his  researches  as  early  as  1814, 
and  to  him  much  more  deservedly  than  to  Daguerre 
must  be  ascribed  the  lion's  share  of  the  honour  of  having 
discovered  the  first  practical  application  of  photography. 
Niepce  wanted  to  apply  the  photographic  image  to 
stone  for  lithographic  work,  his  idea  being  to  supersede 
the  tedious  process  of  making  a  drawing  on  the  stone. 
He  was  evidently  aware  of  the  previous  experiments 
that  had  been  made  in  photography,  and  his  endeavour 
at  first  was  to  improve  on  them,  but  finding  it  impossible 
to  render  the  image  permanent  he  departed  from  the 
use  of  silver  compounds  and  made  use  of  Asphaltum, 
or  bitumen  of  Judea  as  it  was  then  called.  Niepce 
found  that  if  a  thin  film  of  this  substance  was  exposed 
to  light  under  any  pattern  which  was  in  the  nature  of 
a  silhouette  or  outline  the  parts  which  corresponded 
to  the  white  or  transparent  patches  became  insoluble 
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in  substances  which  dissolved  bitumen.  He  coated 
pewter  plates  with  bitumen  and  exposed  them  to  light 
under  paper  prints.  Then  by  flowing  the  plate  with 
turpentine  or  similar  solvent  after  exposure  the  soluble 
parts  were  washed  away  leaving  the  light-hardened 
parts  which  formed  the  picture.  The  image  being 
a  negative  one  the  white  lines  were  chemically  blackened 
and  then  the  bitumen  ground  was  cleaned  off,  so  that 
a  permanent  positive  image  was  left  on  the  plate. 

Incidentally  it  may  be  mentioned  that  this  was  the 
foundation  of  the  process  of  photo-engraving.  The 
bitumen  image  being  resistive  of  acids,  the  plate  could 
be  etched  by  applying  an  acid,  and  the  result  was  the 
equivalent  of  the  engraved  steel  and  copper  plates 
now  used  for  printing  etchings  and  engravings.  A 
plate  engraved  in  this  way  by  Niepce  in  1824  is  still 
preserved  in  the  museum  of  Chalons-Sur-Saone,  France. 
Impressions  from  it  are  extremely  good  considering  the 
early  stage  of  the  art  when  it  was  produced 
"  Louis  J.  M.  Daguerre,  a  scene  painter,  who  invented 
a  diorama  in  1822,  was  smitten  with  the  desire  to  fix 
the  images  of  the  camera  obscura.  He  began  his  experi- 
ments in  1824,  and  his  neglect  of  his  scene  painting  and 
diorama  business  whilst  devoting  himself  to  photographic 
research  led  his  wife  to  seek  advice  with  regard  to  his 
sanity.  Apparently  he  did  not  make  much  progress 
with  his  new  idea,  and  having  heard  of  the  experiments 
of  Niepce,  which  had  been  then  going  on  for  about 
fifteen  years,  joined  the  latter  in  partnership.  The 
two  worked  together  up  to  the  time  of  Niepce's  death 
in  1833,  when  the  work  was  continued  by  his  son. 
Five  years  after  the  death  of  the  elder  Niepce,  Daguerre 
accidentally  discovered  the  process  which  bears  his 
name.  It  had  been  the  practice  of  Niepce  to  darken 
his  metal  plates  by  the  application  of  iodine,  and  this 
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blackening  action  only  took  place  when  the  plates 
were  exposed  to  light.  Daguerre  reasoned  that  if 
a  silver  plate  treated  with  iodine  was  exposed  in  the 
camera  an  image  would  be  obtained.  This  proved 
to  be  quite  feasible,  but  the  exposures  were  long  and  the 
image  weak.  One  day  Daguerre  put  in  a  cupboard  a 
plate  thus  exposed,  and  forgot  about  it  for  a  time;  when 
he  did  chance  to  look  at  the  plate  he  saw  on  it  a  strongly 
developed  image,  which  he  found  to  be  due  to  the  vapour 
from  an  open  vessel  of  mercury  in  the  cupboard.  Soon 

after  this  it  was  found 
that  the  image  could 
be  fixed  by  the  appli- 
cation of  a  solution 
of  common  salt. 

In  1839  Daguerre 
divulged  the  secret  of 
his  process  and  the 
French  Government 
awarded  him  a  life 
pension  of  six  thousand 
francs  (about  £240), 
on  condition  that 

he  did  not  patent  his  process.  Apparently  Daguerre 
concluded  that  this  did  not  apply  to  England,  and  he 
took  out  a  patent  here,  so  that  those  who  wished  to 
work  the  process  had  to  obtain  a  license  to  do  so, 
paying  a  handsome  sum  for  the  privilege. 

Long  exposures,  varying  from  3  to  30  minutes,  were 
required  for  making  daguerreotypes,  and  various  devices 
were  adopted  to  get  the  best  results.  It  was  not 
an  uncommon  practice  to  whiten  the  face  of  the 
sitter  in  order  to  shorten  the  exposure  for  the  face  ; 
and  then  in  order  to  bring  out  the  details  of  dark  objects, 
such  as  the  dress,  a  piece  of  black  cloth  attached  to 


FIG.  2 
DAGUERRE'S  FIRST  CAMERA 
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a  long  stick  was  held  in  front  of  the  sitter's  face  to  prevent 
any  further  exposure  of  that  portion  taking  place.  Fig. 
2  is  a  representation  of  Daguerre's  first  camera. 

A  contemporary  illustration  of  a  daguerreotype 
studio  shows  the  sitter  on  a  high  platform  under  a 
skylight,  and  prevented  from  moving  by  head  rest, 
back  rest,  and  arm  rests,  showing  that  to  have  one's 
photograph  taken  in  this  way  was  a  very  trying 
ordeal. 

An  Englishman  named  Goddard  found  the  means 
of  reducing  the  exposure  to  a  matter  of  seconds  by 
making  the  iodized  film  more  sensitive  through  the  action 
of  bromine  vapour  upon  it.  Chlorine  vapour  was  found 
to  have  a  similar  effect.  A  further  improvement  in 
the  process  was  toning  or  gilding  the  image  by  a  solution 
of  chloride  of  gold,  which  gave  much  greater  brilliancy 
to  the  image. 

This  was  as  far  as  the  daguerreotype  was  destined 
to  go,  and  more  rapid  and  convenient  processes  have 
relegated  it  to  the  limbo  of  obscurity.  Recently  an 
outfit  for  the  process  was  sold  in  London  for  a  few 
shillings. 

Almost  simultaneously  with  the  work  of  Niepce  and 
Daguerre  a  brilliant  English  investigator,  Henry  Fox 
Talbot,  had  been  endeavouring  on  quite  different  lines 
to  achieve  photographic  results,  and  his  work  embodies 
most  of  the  basic  principles  of  the  photography  of  to-day. 

Daguerre's  process  only  yielded  one  picture  for  one 
exposure.  Fox  Talbot  sought  to  obtain  numerous 
prints  on  paper  from  the  one  exposure.  By  a  process 
to  which  he  gave  the  name  of  Calotype  he  made  first 
a  negative  on  paper  by  sensitizing  it  with  silver  iodide, 
afterwards  treating  it  with  a  mixture  of  silver  nitrate 
and  gallic  acid.  The  paper  was  exposed  in  the  camera 
whilst  still  wet  with  the  sensitizing  solutions  ; ,  the 
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exposure  being  greatly  less  than  when  the  paper  was 
dried.  The  image  was  then  developed  with  a  solution 
of  gallo-nitrate  of  silver. 

The  negative  image  thus  produced  was  used  for  making 
positive  images  by  impregnating  the  paper  with  paraffin 
wax  to  render  it  translucent.  It  could  then  be  placed  in 
front  of  a  piece  of  sensitive  paper  similarly  prepared 
to  that  which  was  used  for  making  the  negative,  and 
on  exposure  to  light  a  positive  image  was  obtained, 
the  parts  under  the  translucent  portions  of  the  negative 
darkening  and  so  reversing  the  tones  or  shades.  The 
process  of  making  a  print  in  this  way  could  be  repeated 
indefinitely,  so  that  any  number  of  copies  of  the  original 
image  could  be  obtained. 

It  was  not  long  before  the  inconvenience  of  paper  as 
a  support  for  the  sensitive  film  in  making  the  negative 
was  realized,  and  the  happy  idea  of  applying  the 
sensitized  coating  to  glass  was  formed  in  1848  by 
Niepce  de  St.  Victor,  a  nephew  of  J.  N.  Niepce,  the 
pioneer  of  photography  already  referred  to.  In  this 
method  a  glass  plate  was  coated  with  a  layer  of  albumen, 
containing  iodide  and  bromide  salts  and  this  film 
was  made  insoluble  by  heat.  It  was  then  immersed 
in  a  nitrate  of  silver  bath  and  exposed  whilst  wet, 
subsequently  being  developed  in  gallic  acid  and  fixed. 
Positive  prints  could  now  be  made  by  exposing  through 
the  glass  negative. 

A  very  important  step  which  gave  a  great  impetus 
to  photography  was  made  by  the  introduction  of 
collodion  as  a  vehicle  for  holding  the  sensitive  compounds. 
For  many  years  this  process  held  its  own  for  all  classes 
of  photographic  work,  even  after  the  introduction  of 
gelatine  dry  plates,  and  down  to  this  day  the  process 
is  very  largely  practised  for  making  negatives  for  the 
reproduction  of  photographs,  drawings,  prints,  maps, 
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etc.  in  the  photo-mechanical  processes  so  widely  employed 
at  the  present  day  for  illustration  and  other  processes. 

The  first  practical  use  of  collodion  was  made  by 
Frederick  Scott  Archer  in  1850,  though  the  idea  was 
suggested  earlier  by  others.  We  leave  the  details  of  this 
interesting  process  for  a  later  chapter. 

The  Ferrotypes  or  Tintypes  and  the  positives  on 
glass,  so  extensively  produced  b}'  itinerant  photographers 
at  sea-side  and  other  holiday  resorts,  are  modifications 
of  the  Collodion  process,  the  negative  image  being 
simply  made  to  appear  whiter,  so  that  it  may  show  up 
against  the  black  varnish  on  the  metal  or  glass  plate. 

A  modification  of  the  Collodion  process  was  that 
known  as  the  Collodion  Emulsion  method  which  led 
directly  to  the  invention  of  the  modern  gelatine  dry 
plate.  In  the  emulsion  method  the  sensitive  salts 
were  mixed  with  collodion  so  as  to  save  the  necessity 
of  bathing  the  plate  in  a  silver  solution.  This  enabled 
the  plates  to  be  dried  (though  they  could  be  exposed 
wet  by  some  modifications  of  the  process.)  It  was 
thus  possible  with  these  dry  plates  to  make  pictures 
at  any  distance  from  the  studio  without  the  photo- 
grapher having  to  take  with  him  a  portable  dark  room 
or  tent  for  sensitizing  and  developing  the  plates  on  the 
spot. 

Incidentally,  it  may  be  remarked,  that  it  was  found 
possible  to  make  plates  of  much  greater  sensitiveness 
by  the  emulsion  method  than  by  the  wet  collodion. 
Very  beautiful  negatives  were  obtained  by  this  process, 
but  it  had  the  drawback  that  the  plates  had  to  be 
prepared  by  the  photographer  himself,  as  the  film  was 
very  fragile  and  the  keeping  quantities  were  doubtful. 
Several  attempts  to  prepare  the  plates  commercially 
met  with  little  or  no  success. 

The  idea  of  replacing  collodion  with  gelatine  in  the 
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emulsion  process  was  the  next  in  improvement  ;  and  it 
has  proved  the  most  important  advance  in  the  whole 
history  of  photography,  having  been  the  means  of  bring- 
ing the  process  to  its  present  pitch  of  perfection  and 
to  its  universally  popular  application. 

It  was  whilst  the  Collodion  process  was  at  the  zenith 
of  its  success  that  many  workers  devoted  their  attention 
to  the  problem  of  finding  a  more  convenient  and  less 
dangerous  medium  than  collodion,  which  is  very 
inflammable.  To  Dr.  R.  L.  Maddox,  of  Southampton, 
belongs  the  honour  of  having,  in  1871,  firs.t  published 
particulars  concerning  the  use  of  an  emulsion  consisting 
of  gelatine  and  bromide  of  silver. 

Other  investigators  pointed  the  way  to  practical 
improvements  in  the  process,  such  as  the  method 
suggested  by  Mr.  Charles  Bennett  for  keeping  the  emulsion 
at  a  high  temperature  to  increase  its  rapidity  and  that 
of  Monckhoven  of  ripening  it  by  the  addition  of 
ammonia,  the  latter  process  being  more  universally 
used,  we  believe  by  the  plate  makers. 

By  successive  improvements  in  the  manufacture 
of  dry  plates  marvellous  rapidity  has  been  attained 
until  exposures  of  TTHTTT  second  are  readily  obtained 
under  suitable  conditions. 

It  only  remains  now  to  record  the  final  step  in  the 
progressive  improvement  of  the  negative-making  side 
of  the  process,  viz.,  the  use  of  celluloid  in  place  of  glass 
plates.  This  has  rendered  possible  the  marvellous 
achievements  of  cinematography. 

The  first  celluloid  roll  film  was  introduced  in  1889 
by  the  Eastman  Co.,  of  Rochester,  N.Y.  Though 
not  the  first  to  conceive  the  idea  of  using  celluloid  film 
as  a  support  for  emulsion,  credit  must  be  given  to  Mr. 
George  Eastman,  the  founder  of  the  Kodak  Company 
for  the  immense  developments  in  film  photography, 
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which  have  certainly  been  due  to  his  patient  and 
persistent  efforts  to  popularize  it. 

Concurrent  with  these  advances  in  the  production 
of  the  negative  there  have  been  equally  important 
improvements  in  the  sensitive  papers  used  for  the 
production  of  the  prints.  These  will  be  referred  to  in 
later  chapters.  Suffice  it  to  say  that  there  are  now 
many  other  substances  besides  silver  compounds  which 
are  sensitive  to  light  and  are  now  made  use  of  in  photo- 
graphic processes.  Salts  of  the  metals  platinum, 
chromium,  and  iron,  in  particular  are  largely  used. 

The  improvements  in  the  camera  and  its  accessories 
can  hardly  be  outlined  here,  and  this  part  of  the  subject 
must  be  left  for  succeeding  chapters  describing  the 
apparatus  used. 


CHAPTER  II 

THE   CAMERA  AND  LENS 

BEFORE  proceeding  to  consider  in  fuller  detail  the 
various  processes  of  photography,  it  would  seem  to  be 
fitting  at  this  point,  to  consider  the  optical  means 
employed  for  taking  the  photograph,  as  it  is  obvious 
that  the  sensitive  material  for  receiving  the  image 
is  subsidiary,  in  so  far  that  it  would  be  useless  without 
the  means  of  employing  it. 

We  have  seen  in  the  previous  chapter  that  the  most 
rudimentary  form  of  camera  was  a  mere  box  with  a 
pinhole  (Fig.  3),  and  that  this  was  improved  by 
replacing  the  pinhole  with  a  lens. 

The  reason  for  this  alteration  was  that  the  pinhole 
did  not  admit  sufficient  light.  The  image,  whether 
produced  by  a  pinhole  or  by  a  lens,  is  formed  by  reflection 
of  light  from  the  object  which  is  being  photographed. 
Each  part  of  the  object  sends  its  ray  of  light  in  a  straight 
line  through  the  pinhole  or  lens,  and  the  corresponding 
point  is  illuminated  on  the  focussing  screen.  A  light 
part  of  the  object  gives  a  light  part  on  the  plate.  A 
dark  print  on  the  object  reflects  no  light  and  therefore 
the  corresponding  point  is  dark  on  the  screen.  Points 
of  intermediate  brightness  give  corresponding  points 
of  shade,  and  thus  the  points  of  brightness  or  darkness 
collectively  form  the  image. 

Now  a  ray  of  light  passing  through  a  pinhole  is 
diminished  in  intensity  in  proportion  to  the  size  of  the 
pinhole — the  smaller  the  pinhole  the  feebler  the  light 
which  reaches  the  plate. 

It  might  be  thought  that  this  difficulty  could  be 
12 
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overcome  by  making  the  pinhole  larger ;  so  it  would, 
but  it  would  also  result  in  the  image  being  less  sharp. 
The  effect  is  expressed  as  "  fuzziness." 


FIG.  3 
THE  PINHOLE  CAMERA 


FIG.  4 
EFFECT   OF  TWO   PINHOLES 

What  would  happen  we  may  ask  if  a  second  pinhole 
were  made  a  little  distance  from  the  first,  say  half  an 
inch  away  ?  There  would  be  two  images  formed  overlap- 
ping each  other,  and  where  they  overlap  the  image 
appears  brighter  (Fig.  4).  Several  further  holes  may  be 
perforated  between  the  two,  until  the  circle  of  holes  is 
like  a  pepper  box  lid.  The  images  from  the  respective 
holes  overlap  each  other,  and  it  will  be  seen  that  there 
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is  a  brighter  illumination  over  the  whole  screen,  but 
the  complete  image  is  so  blurred  by  the  overlapping 
of  the  separate  images  that  no  picture  can  be 
distinguished. 

Next  let  a  lens,  quite  a  simple  one  will  do,  such  as 
a  reading  glass  or  a  spectacle  lens,  be  placed  over  the 
pinholes.  This  bends  the  rays  of  light  from  each  pinhole 
so  that  they  converge  to  one  point,  and  the  overlapping 
effect  disappears.  The  total  image  becomes  brighter 
and  more  distinct,  but  it  is  still  blurred  (Fig.  5). 

Let  the  perforations  be  removed  and  replaced  with 


FIG.  5 

EFFECT   OF   USING   A   LENS 


a  hole  corresponding  to  their  area  so  as  to  see  that  the 
lens  will  do  alone.  A  brighter  and  clearer  image  is 
produced  than  with  the  pinholes,  but  still  it  is  too 
indistinct. 

What  are  the  reasons  for  this  ?  One  is  that  the  image 
projected  by  a  lens  is  not  equally  sharp  for  objects 
at  all  distances.  In  this  respect  it  differs  from  the 
simple  pinhole  which  focusses,  though  imperfectly, 
objects  at  all  distances. 

When  using  a  lens  the  image  must  be  "  focussed," 
that  is  to  say,  the  screen  must  be  adjusted  nearer  to 
or  further  from  the  lens  until  a  position  is  found  where 
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the  object  to  be  photographed  is  defined  most  clearly. 
If  there  are  other  objects  in  the  field  of  view,  nearer 
to  or  farther  than  the  principal  object,  they  will  not 
be  in  focus,  and  will  be  blurred. 

Another  effect  produced  by  the  simple  lens  is  that 
only  the  central  part  of  the  image  will  be  clear.  The 
reason  for  this  can  only  be  fully  explained  by  entering 
into  the  theory  of  lenses,  but  it  may  be  simply  explained 
by  saying  that  a  simple  lens  of  the  common  type,  such 
as  is  used  in  spectacles  and  reading  glasses,  does  not 
bring  the  light  rays  which  pass  through  the  margins 
to  a  focus  at  the  same  distance  as  those  passing  through 
the  centre  of  the  lens. 

We  may  overcome  this  disadvantage  to  a  certain 
extent  by  reducing  the  size  of  the  opening  through 
which  the  rays  pass  before  or  after  leaving  the  lens 
by  inserting  a  piece  of  cardboard  or  metal  with  a  hole 
in  it  of  smaller  diameter  than  the  lens,  this  forming 
what  is  known  as  a  stop,  or  diaphragm.  The  smaller 
we  make  this  the  sharper  the  picture  will  become,  but 
at  the  same  time  the  image  will  diminish  in  brightness, 
so  that  to  take  a  photograph  with  a  lens  thus  stopped 
down  we  should  require  a  longer  exposure. 

A  further  drawback  to  the  simple  lens  and  camera 
is  that  if  we  attempt  to  take  a  high  building  and  have 
to  tilt  the  camera  to  get  in  the  top  of  the  picture  the 
image  will  be  distorted,  the  vertical  lines  converging 
to  the  top  and  forming  a  tapering  picture.  This  is 
overcome  by  the  use  of  the  swing  back. 

Progress  in  the  construction  of  cameras  and  lenses 
has  accordingly  been  in  the  direction  of  devising  means 
for  overcoming  these  drawbacks.  The  simple  box 
camera  has  been  replaced  by  more  or  less  elaborate 
arrangements  for  focussing,  either  by  moving  the  back 
or  front  to  and  fro  (or  both  alternatively,  as  in  Fig.  7), 
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and  the  simple  lens  has  been  improved  upon  by  adding 
to  it  other  lenses  for  the  purpose  of  correcting  its  faults. 
Modern  photographic  lenses  of  the  highest  type  con- 
sist of  several  simple  lenses  either  in  cemented  com- 
binations or  with  air  spaces  between  them,  the  object 
•being  to  secure  the  greatest  possible  rapidity,  with 
freedom  from  distortion,  sharp  fccus  and  covering  power 
(Fig.  6). 

Mechanical  means  have  been  devised  for  adjusting 
the  aperture  of  the  lens  by  means  of  diaphragms  working 
on  the  iris  principle,  closing  or  opening  by  means  of  a 
milled  ring  or  knob  on  the  out- 
side of  the  lens.  This  principle 
has  been  adopted  in  all  modern 
lenses,  the  old  method  of  using 
separate  diaphragms,  or  a 
revolving  plate  with  several 
apertures  in  it  being  entirely 
superseded. 

Owing  to  the  increasing  sen- 
sitiveness of  plates  it  has  been 
found  necessary  to  provide 
means  for  readily  and  quickly 
uncovering  and  covering 
the  lens  to  make  the 
exposure.  So  long  as  lenses  were  slow  working, 
and  plates  comparatively  insensitive  it  was  sufficient, 
to  remove  and  replace  the  cap  by  hand,  but  such  a 
method  is  obviously  ineffective  where  the  exposures 
are  but  a  very  small  fraction  of  a  second.  Great 
ingenuity  has  consequently  been  expended  on  the 
construction  of  "  shutters "  for  opening  and  closing 
the  aperture  of  the  lens  (Fig.  8). 

A  further  point  which  has  given   rise  to   much   in- 
ventiveness is  in  the  part  of  the  apparatus  which  holds 


FIG.  6 

A   MODERN   LENS 


FIG.  7 

MODERN  CAMERA,   BY  BUTCHER  &  SONS,  WITH  FRONT  AND 
BACK   FOCUSSING    PINIONS 


FIG.  8 
LENS   WITH    SHUTTER   AND   IRIS    DIAPHRAGM 
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the  plate.  In  the  oldest  cameras  it  was  simply  a  tray 
in  which  the  plate  was  placed  and  closed  up  by  a  sliding 
shutter.  This  tray  was  attached  to  the  camera, 
generally  by  sliding  it  into  grooves — hence  the  name 
"dark  slide,"  i.e.,  a  slide  which  keeps  the  plate  in 
darkness  before  and  after  exposure.  When  the  slide 
had  been  placed  in  the  back  of  the  camera  the  shutter 
was  drawn  so  that  the  plate  was  exposed  to  the  interior 
of  the  camera,  until  the  moment  arrived  for  uncovering 
the  lens  to  allow  the  image 
to  fall  upon  the  sensitive 
surface.  Then  the  shutter 
was  pushed  in  and  the  slide 
removed  to  the  dark  room 
for  the  plate  to  be  taken 
out  in  order  to  develop  it. 
Naturally  it  was  felt  to 
be  an  inconvenience  to 
have  to  go  to  the  dark 
room  to  fill  and  empty 
the  slide  every  time  an 
exposure  was  made,  unless 
several  slides  charged  with 
plates  were  at  hand. 

The    first   improvement 

was  to  make  the  slide  double,  two  plates  being  placed 
back  to  back  with  a  light-tight  separator  between,  and  to 
have  a  shutter  on  each  side,  so  that  after  the  first 
exposure  the  slide  could  be  turned  over  and  used  from 
the  other  side.  This  is  the  "  double  dark  slide  "  still 
largely  used  in  photographic  practice. 

When,  with  the  advent  of  dry  plates,  photography 
began  to  be  practised  so  largely  for  outdoor  work  the 
drawback  of  having  to  carry  a  number  of  slides  was 
seriously  felt,  and  efforts  were  made  to  construct 


FIG.  9 

PLATE-CHANGING    HAND 
CAMERA     BY     HOUGHTON'S 


I 


FIG.  10 

REMOVING   THE    EMPTY    SPOOL   FROM    A    KODAK 
ROLL-FILM   CAMERA 


FIG.  11 
INSERTING  A  NEW  FILM  IN  A  KODAK  CAMERA 


20  PHOTOGRAPHY 

changing  boxes  to  empty  and  refill  the  slides  without  hav- 
ing to  return  to  the  dark  room.  These  changing  boxes 
were  mostly  on  the  principle  that  the  slide  was  attached 
to  the  top  of  the  box,  a  shutter  was  withdrawn,  and  the 
plate  allowed  to  fall  into  the  box.  There  was  some 
mechanism  to  enable  the  plate  to  be  got  out  of  the  way 
and  a  new  plate  to  fall  into  the  dark  slide  by  turning  the 
box  over. 

Some  of  the  boxes  were,  however,  fitted  with  changing 


FIG.  12 
THE  ENSIGNETTE^WAISTCOAT  POCKET  CAMERA 

bags  into  which  the  hands  could  be  thrust  for  manipu- 
lating the  plate  ;  or  the  plate  was  drawn  into  the  bag  and 
the  latter  manipulated  from  the  outside  to  push  the 
exposed  plate  into  a  groove  at  the  back  of  the  box. 

These  changing  boxes  are  now  seldom  used,  the 
mechanism  for  changing  the  plates  having  been  intro- 
duced into  the  back  of  portable  cameras  (Fig.  9).  More- 
over the  roll  film  cameras  have  largely  superseded  plate 
cameras  where  extreme  portability  is  demanded.  Figs. 
10,  11  show  the  extreme  simplicity  of  the  film-changing 
arrangements  of  a  Kodak  film  camera. 

The  "  Ensignette  "  (Fig.  12)  is  a  type  of  waistcoat 


FIG.   13 

A   PORTABLE   CAMERA   BY  HOUGHTON'S   FOR  METAL 
DARK   SLIDES 


FIG    14 
A   CHANGING    BAG 
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pocket   camera  of  marvellous  compactness,   in   which 
films  are  used. 

Plate  changing  cameras  have  really  gone  out  of  favour 
and  the  practical  photographer  has  come  back  to  dark 
slides,  either  of  the  single  or  double  variety.  In  small 


X 


FIG.  15 

HOUGHTON'S  WOODEN 
FOLDING  TRIPOD 


FIG.    16 

HOUGHTON'S  ALUMINIUM 
TELESCOPIC  TRIPOD 


cameras  (such  as  Fig.  13)  the  single  slides  are  often  made 
of  thin  metal  rendering  them  very  portable,  so  that  a 
number  can  be  carried  in  the  pocket  and  one  slipped 
into  the  camera  when  wanted. 

The  changing  bag  is  an  expedient  which  can  be  usefully 
employed  on  tour  or  where  otherwise  the  dark  room 
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is  inaccessible.  It  is  simply  what  may  be  termed  a 
sack  of  black  cloth,  with  sleeves  in  it  for  inserting  the 
hands,  and  a  flap  to  put  the  dark  slide  and  box  of  plates 
through.  The  operator  soon  gets  into  the  way  of 
manipulating  the  plates  by  feeling  instead  of  sight, 
and  the  dark  slides  are  readily  emptied  and  refilled. 
Some  changing  bags  are  made  with  a  window  of  non- 
actinic  glass  or  fabric,  arid  an  aperture  for  looking 
inside,  but  experienced  operators 
consider  these  additions  introduce 
a  risk  of  fogging  the  plates,  and 
regard  them  as  unnecessary 
complications  (Fig.  14). 

One  other  accessory  of  the 
camera  should  be  mentioned, 
although  it  is  not  now  con- 
sidered such  a  necessity  as 
formerly,  viz.,  the  stand  on  which 
the  camera  is  placed  to  keep  it 
steady  for  the  exposure.  This 
stand  is  usually  in  the  form  of  a 
tripod,  the  three  legs  of  which  are 
made  folding  or  sliding — or  with  both  movements 
combined — so  as  to  make  it  as  portable  as  possible.  Trie 
extreme  of  portability  is  reached  in  the  aluminium 
telescopic  tripods  made  for  small  hand  cameras  (Figs. 
15,  16). 

With  increasing  rapidity  of  plates  and  faster  working 
lenses  the  tripod  has  become  less  and  less  a  necessity, 
because  small  cameras  can  be  held  in  the  hand  during 
the  extremely  short  exposures  required  for  instantaneous 
work,  though,  of  course,  for  architecture,  landscape 
and  other  kinds  of  work  requiring  careful  adjustment 
of  focus  and  exact  position  the  stand  has  still  to  be  used. 

Whatever  differences  of  detail  there  may  be  in  various 


FIG 
A  HOUGHTON  FINDER 
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styles  of  camera  it  will  be  found  that  each  has  the  same 
fundamental  features,  viz.  : 

(a)  The  dark  chamber  either  solid  or  formed  partly 
with  a  bellows. 

(6)  The  ground  glass  frame  on  which  the  image 
is  focussed. 

(c)  The  dark  slide  for  holding  the  plate. 

(d)  A  means  of  moving  the  plate  or  lens  to  and  from 
each  other  to  focus  the  picture. 

(e)  The  lens,  with  which  is  usually  incorporated  the 
diaphragms   and  shutter. 

Where  a  camera  differs  from  these  general  features 
it  is  usually  in  the  direction  of  dispensing  with  the 
dark  slide  by  substituting  a  plate  magazine  or  a  film 
holder,  and  in  omitting  the  ground-glass  frame,  the 
position  of  the  object  in  the  latter  case  being  found 
by  means  of  a  "  finder  "  which  may  be  regarded  as 
a  small  auxiliary  camera  on  top  or  at  the  side  of  the 
main  instrument  (Fig.  17).  The  focus  is  adjusted  to  a 
scale,  which  enables  the  estimated  distance  of  the  object 
to  be  allowed  for.  In  many  of  the  cheaper  cameras 
there  is  no  focussing  mechanism,  these  being  known 
as  "  fixed  focus "  cameras.  It  is  assumed  that  all 
objects  beyond  a  certain  minimum  distance  are  in  focus 
or  approximately  so.  In  some  cases  the  lens  is  fitted 
in  a  focussing  mount  in  the  form  of  a  quick  thread 
screw  or  spiral  in  the  tube,  so  that  it  can  be  adjusted 
instead  of  having  to  move  the  plate  end  or  front  of  the 


CHAPTER  III 

THE    DARK   ROOM   AND   ITS   EQUIPMENT 

IT  is,  of  course,  essential  that  the  photographer  should 
have  at  his  command  some  form  of  dark  room,  for 
though  there  were  in  the  old  days,  portable  developing 
tents  or  boxes  and  there  have  been  various  inventions 
brought  out  for  developing  without  a  dark  room, 
the  great  bulk  of  photographic  work  is  in  fact  done 
with  the  aid  of  this  somewhat  inconvenient  but  still 
very  necessary  adjunct. 

The  dark  room  may  be  any  room  or  cupboard  that 
may  be  darkened,  or,  correctly  speaking,  from  which 
all  white  light  can  be  excluded.  This  does  not  mean 
that  the  photographer  works  without  light  at  all.  He 
takes  advantage  of  the  fact  that  the  sensitive  plate 
is  fully  sensitive  only  to  certain  kinds  of  light.  Such 
light  is  that  of  daytime,  or  the  artificial  light  we  normally 
use  to  see  by. 

Now  the  photographic  plate  of  ordinary  sensitive- 
ness is  not  very  susceptible  to  yellow  light,  and  is 
much  less  so  to  a  ruby  red  light.  Consequently  the 
photographer  can  safely  illuminate  his  dark  room  with 
the  latter  kind  of  light,  and,  for  less  sensitive  materials 
he  can  use  a  yellow  or  orange  light.  Thus  his  dark 
room  can  have  a  coloured  window,  or  a  lamp  screened 
with  a  suitable  colour.  In  such  light  he  can  see  very 
well  to  put  the  plates  into  the  dark  slides  and  to  carry 
out  the  operations  of  development. 

If  possible  the  dark  room  should  have  a  sink  (such  as 
Fig.  18)  with  waste  outlet  and  water  tap,  but  amateurs 
often  have  to  dispense  with  these  conveniences,  using  a 
'  25" 
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jug  for  their  supply  of  water  and  a  pail  for  the  waste. 
Photographic  work  on  a  limited  scale  can  in  fact  be  done 
with  the  very  simplest  means,  even  without  a  dark  room, 
if  one  is  content  to  wait  until  nightfall  so  as  to  secure 
natural  darkness. 


FIG.  18 

A   DARK-ROOM   SINK   BY   HOUGHTON*S 

Special  forms  of  shallow  trays  or  dishes  to  fit  the 
standard  sizes  of  plates  are  used  for  the  development 
and  other  operations.  These  trays  are  either  of 
porcelain,  glass,  papier-mache',  vulcanite,  enamelled  steel, 
or  other  water-tight  and  chemically-resistive  material. 
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Such  trays  are  not  an  absolute  necessity,  but  are  a  great 
convenience,  and  are  economical  by  reason  of  entailing 
the  use  only  of  a  minimum  amount  of  solution. 

Glass  measures  graduated  in  ounces  and  drachms  are 
desirable  for  ensuring  the  correct  proportions  of  the 
solutions  being  employed.  A  set  of  scales  and  weights 
is  also  regarded  as  a  necessary  part  of  the  photographer's 
equipment.  Such  refinements  of  accuracy  have,  however, 
become  less  necessary  since  the  introduction  of  "  Tabloid" 
and  "  Cartridge  "  chemicals  and  ready-made  solutions. 
Numerous  articles  more  or  less  convenient  for  facilitating 
dark  room  operation?  are  sold,  but  are  not  really  essential, 
for  plates  can  be  developed,  fixed,  washed,  and  dried 
with  no  other  aids  than  are  usually  found  in  the  house- 
hold. It  would,  though,  be  like  carrying  out  chemical 
experiments  with  crude  make-shifts  and  would  not  be 
conducive  to  the  best  results,  nor  to  ease  of  working. 

The  extent  to  which  the  working  apparatus  is 
elaborated  depends  a  good  deal  on  the  temperament 
of  the  worker.  Starting  as  an  amateur  with  the 
most  elementary  appliances  the  apparatus  gradually 
accumulates  if  the  early  enthusiasm  survives. 

The  worker  who  seeks  to  know  the  why  and  wherefore 
of  the  operations  and  who  desires  to  achieve  the  best 
results  naturally  proceeds  step  by  step  trying  every 
process  and  using  every  means  offered.  Thus  we  now 
find  in  the  dark  rooms  of  the  most  careful  and  advanced 
workers  such  things  as  special  clocks  for  recording 
the  time  of  development  with  means  for  arriving  at 
the  time  factors  suited  for  different  makes  and  speeds 
of  plates  :  also  special  thermometers  for  determining 
the  temperature  of  the  solutions.  Such  appliances  are 
particularly  necessary  where  the  system  of  tank 
development  (described  in  a  later  chapter)  for  plates 
or  films  is  adopted. 
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Special  attention  should  be  paid  to  the  illumination 
of  the  dark  room.  Instead  of  relying  on  the  conven- 
tional ruby  or  yellow  glass,  various  forms  of  "  safe  lights" 
are  now  available.  These  consist  of  a  coloured  film 
of  gelatine  or  collodion  between  two  glass  plates  bound 
together  at  the  edges.  The  safe  lights  are  best  employed 
in  a  special  form  of  lantern  giving  illumination  by 
reflected  light,  instead  of  the  light  being  directly  behind 
the  coloured  glass. 

The  ventilation  of  the  dark  room  is  a  matter  to 
which  little  attention  is  paid  as  a  rule,  but  it  is  important 
where  much  work  has  to  be  done  in  the  dark  room. 
Traps  which  allow  air  to  pass  whilst  excluding  light 
can  be  made,  or  special  forms  of  metal  cowls  to  fit 
on  to  ventilating  pipes  can  be  obtained. 

Warming  the  dark  room  in  winter  time  is  not  less 
essential,  both  for  comfort  and  for  ensuring  uniform 
conditions  of  temperature  for  the  working  of  the  chemi- 
cals. Electric  heating  is  ideal  but  expensive  and  not 
usually  available.  Gas  stoves  can  be  obtained  which  give 
off  no  light,  but  on  account  of  the  fumes  they  emit 
it  is  best  to  place  them  in  another  room  and  conduct 
the  heat  through  an  opening  in  the  wall.  A  good  way 
to  secure  heat  with  the  additional  convenience  of  being 
able  to  dry  negatives  quickly  is  to  have  a  drying 
cupboard  in  the  dark  room. 


CHAPTER  IV 

THE    SENSITIVE   PLATES — WET   COLLODION    PROCESS 

THE  photographer  of  the  present  day  has  become 
so  accustomed  to  using,  and  hearing  used,  the  term 
"  dry  plates  "  that  he  probably  never  gives  a  thought 
to  what  the  name  implies,  viz.,  the  contra-distinction 
to  "  wet  plates,"  which  as  we  indicated  in  our  opening 
chapter  was  the  older  form  of  photography. 

Now,  although  dry  plates  are  used  at  the  present 
time  for  all  the  ordinary  purposes  of  photography,  it 
is  a  fact  that  the  wet  collodion  and  collodion  emulsion 
processes  are  still  very  largely  used  in  reproduction 
work,  and  this  book  would  not  be  a  complete  record 
of  photographic  work  without  at  least  an  outline  of 
these  methods. 

It  may  be  perhaps  a  matter  of  surprise  to  the  reader 
who  is  only  acquainted  with  the  modern  dry  plate  that 
anyone  should  take  the  trouble  to  employ  such  appar- 
ently slow  and  tedious  methods  as  wet  collodion  and 
collodion  emulsion  when  dry  plates  are  so  ready  to 
hand  and  seemingly  so  cheap.  The  fact  is  that  much 
cleaner  and  crisper  negatives  can  be  obtained  by  these 
means  than  by  the  more  modern  methods.  These 
negatives  are  much  more  suitable  for  the  processes 
in  which  they  are  employed  than  are  dry  plate  negatives. 

The  time  taken  to  prepare  the  plates  is  set  off  by 
their  cheapness  compared  with  dry  plates,  especially 
in  the  case  of  large  sizes,  and  the  saving  of  time  in 
development,  intensification,  fixing,  washing,  and  drying, 
all  of  which  operations  are  more  quickly  done  than 
the  corresponding  ones  for  dry  plates. 
29 
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The  slowness  of  the  sensitive  films  compared  with 
gelatine  emulsion  is  not  accounted  any  disadvantage, 
as  the  exposures  are  usually  made  with  the  aid  of  power- 
ful electric  arc  lights,  and  a  few  seconds  or  minutes  is 
not  considered  of  any  account  in  the  kind  of  work  done. 

Apart  from  these  considerations  the  "  process" 
photographer  holds  that  for  certain  classes  of  work 
he  prefers  to  use  the  collodion  processes  on  account 
of  the  better  results  obtained,  and  therefore  it  is  useless 
to  discuss  the  comparative  merits  of  the  two  processes 
in  regard  to  cheapness  or  ease  of  manipulation. 

Another  point  in  which  collodion  processes  have 
always  scored,  is  in  respect  to  the  great  density  of  deposit 
obtained  along  with  extreme  clearness  of  the  transparent 
portions  of  the  negative.  The  grain  of  the  image 
is  also  extremely  fine,  to  the  extent  of  being  almost 
imperceptible,  except  under  considerable  magnifying 
power.  On  this  account  collodion  negatives  are  parti- 
cularly suitable  for  microscopic  work  and  astronomical 
photography.  The  finest  lantern  slides  are  also  done 
by  collodion,  and  professional  makers  of  such  slides 
prefer  to  make  them  by  these  methods. 

The  improvements  in  dry  plates  in  the  direction 
of  producing  fine  grain  emulsions  have  to  a  large  extent 
removed  the  disparity  between  the  two  methods, 
so  that  it  is  possible  collodion  will  not  permanently 
hold  its  place  for  all  such  purposes. 

In  the  earliest  days  of  photography  the  worker  had 
to  prepare  for  himself  the  pyroxyline  with  which  the 
collodion  is  made.  The  method  of  preparation  consisted 
in  acting  on  cotton  wool  with  a  mixture  of  nitric  and 
sulphuric  acids.  This  had  the  effect  of  converting 
the  cotton  into  a  substance  analogous  to  gun  cotton, 
and  it  is  often  incorrectly  described  by  that  name. 

Cotton  treated   in  this  way  becomes   soluble  in  a 
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mixture  of  ether  and  alcohol,  forming  a  clear  white 
fluid  similar  to  a  thin  varnish. 

The  pyroxyline  can  nowadays  be  obtained  as  a 
commercial  article,  so  that  the  worker  who  wishes  to 
prepare  his  own  collodion  experiences  none  of  the  troubles 
of  the  old  workers.  The  collodion  can  also  be  obtained 
ready  made,  either  in  the  plain  state  or  iodized 
as  subsequently  described,  and  the  iodizer  may  be 
purchased  separately  for  mixing  with  the  plain  collodion 
as  required. 

If  the  wofker  starts  with  the  plain  collodion  the 
first  step  is  to  iodize  it.  This  consists  in  adding  an 
alcoholic  solution  of  iodides  to  which  is  usually  added 
some  bromides,  the  latter  having  the  effect  of  making 
the  collodion  more  sensitive.  The  iodides  give  density 
and  the  bromides  detail  ;  otherwise  expressed  we 
may  say  that  the  iodide  gives  or  promotes  a  heavier 
deposit  of  silver  in  the  parts  corresponding  to  the  lights 
of  the  picture  whilst  the  bromide  ensures  a  more  even 
gradation  of  the  tones  from  light  to  shadow.  The 
iodides  and  bromides  of  cadmium  and  ammonium 
are  generally  used.  The  proportions  of  iodide  and 
bromide  are  varied  according  to  the  kind  of  negatives 
desired.  After  being  iodized  the  collodion  is  allowed 
to  stand  for  a  few  days,  and  is  all  the  better  for  keeping 
for  a  limited  period. 

The  glass  plates  on  which  the  collodion  is  flowed 
have  to  be  very  carefully  cleaned,  both  chemically 
and  mechanically  to  ensure  faultless  work. 

The  plate  is  held  by  one  corner,  in  a  level  position 
whilst  a  pool  of  collodion  is  poured  on  and  allowed  to 
flow  by  gently  tilting  the  plate  until  the  surface  is  covered, 
when  the  surplus  is  drained  off.  A  few  seconds  are 
allowed  to  elapse  for  the  film  to  set,  but  it  must  not 
be  allowed  to  become  dry  before  exposure. 
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The  plate  is  then  immersed  in  the  "  silver  bath." 
This  consists  of  a  slightly  acidified  solution  of  nitrate 
of  silver,  contained  in  either  a  rectangular  glass  cell, 
standing  nearly  vertical,  or  in  a  shallow  horizontal  tray 
of  glass,  porcelain,  or  ebonite.  The  former  kind,  known 
as  the  dipping  bath  (Fig.  19)  is  mostly  used  for  smaller 
plates  but  may  be  used  for  plates  up  to  24  X  20  in., 
and  the  latter  kind  is  employed  for  large  plates,  above 
that  size,  though  smaller  ones  are  also  largely  sensitized 
in  this  way  by  many  workers. 

The  plate  is  lowered  into  the 
dipping  bath  with  a  suitable  holder, 
and  for  the  first  few  seconds  is 
moved  gently  up  and  down  to 
equalize  the  action  of  the  solution. 
When  the  flat  tray  is  used  it  is 
gently  rocked  to  secure  the  same 
effect.  The  plate  is  allowed  to 
remain  in  the  bath  for  two  or 
three  minutes,  then  it  is  lifted  out, 
drained,  and  placed  in  the  wet  state 
in  a  special  dark  slide  which  is  pro- 
vided with  means  for  catching  the 
drainings. 

The  exposure  is  made  whilst  the 
plate  is  in  the  wet  state,  and  must 
be  completed  before  the  plate  dries.  The  exposure,  if 
daylight  is  used,  will  be  much  longer,  probably 
twenty  minutes  at  least,  than  for  an  ordinary  dry 
plate.  With  the  powerful  electric  arc  lights  used 
in  process  studios  it  is  much  less. 

Development  is  not  done  in  a  dish.  The  plate  is 
held  by  one  corner  between  the  thumb  and  finger  in 
a  level  position  and  the  developer  is  poured  on.  It 
is  allowed  to  run  to  and  fro  by  gently  inclining  the  plate, 


FIG.  19 
A  DIPPING  BATH 
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but  must  not  be  allowed  to  run  off,  or  it  will  carry  with 
it  the  silver  which  goes  to  form  the  image.  The  develop- 
ment is  very  quick,  taking  only  a  few  seconds,  and, 
after  a  rinse  with  water,  the  fixing  solution  consist- 
ing usually  of  cyanide  of  potassium  (though  hyposulphite 
of  sodium  will  do)  is  applied  either  by  flowing  on  or 
in  a  dish.  The  fixing  is  equally  as  quick  as  the 
development. 

Usually  there  are  operations  of  clearing  and  intensify- 
ing to  improve  the  negative,  and  they  are  very  quickly 
done,  compared  with  the  treatment  of  dry  plates. 
A  very  short  washing  serves,  and  then  the  plate  can 
be  dried  by  the  application  of  heat.  If  the  negative 
is  to  be  used  for  more  than  one  or  two  prints  or  if  it 
has  to  be  preserved  for  future  use  it  is  varnished. 

It  may  be  mentioned  that  numerous  attempts 
were  made  to  prepare  the  collodion  plate  so  that 
it  could  be  dried  for  exposure  at  any  future  time. 
Although  some  of  these  methods  were  worked  with 
some  success  none  have  come  into  practical  use,  and 
indeed  they  have  all  become  obsolete  and  practically 
forgotten. 

The  collodion  positive  process  used  so  extensively 
even  now  by  the  beach  photographers  is  merely  a  slight 
modification  of  the  negative  process.  It  was  found 
that  a  negative  image  could  be  made  to  assume  the 
appearance  of  a  positive  one  by  whitening  the  metallic 
silver  deposit.  This  was  effected  by  using  with  the  pyro- 
gallic  acid  developer  a  small  quantity  of  nitric  acid. 
A  better  result  was  obtained  by  using  ferrous  nitrate  with 
the  ferrous  sulphate  developer,  and  later  it  was  found  that 
a  still  better  method  was  to  bleach  the  image  with  mer- 
curic chloride.  If  the  picture  is  taken  on  glass  the  whitened 
image  may  be  made  to  stand  out  against  a  black  velvet 
backing,  or  black  varnish  may  be  poured  over  the  film 
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to  give  the  necessary  black  background.  Another 
way  is  to  produce  the  picture  on  japanned  iron  plates, 
the  results  being  known  under  the  name  of  ferrotypes 
or  tintypes. 

Full  instructions  on  the   working   of  the   collodion 
process  will  be  found  in  Payne's  Wet  Collodion  Process. 


CHAPTER  V 

THE      SENSITIVE     PLATES COLLODION      EMULSION      AND 

DRY   PLATES 

A  REALLY  practical  advance  on  the  wet  collodion 
process  was  made  by  the  discovery  of  the  collodion 
emulsion  method.  To  understand  this  process  it  is 
necessary  to  explain  that  in  the  wet  collodion  method 
the  collodion  merely  acts  as  a  film  to  hold  the  sensitive 
chemicals  on  its  surface,  whilst  in  the  collodion  process 
the  sensitive  chemicals  are  intimately  mixed  with  the 
collodion  before  being  spread  on  the  glass  plate. 

In  wet  collodion  the  plate  assumes  its  sensitive  state 
when  the  iodides  and  bromides  in  the  collodion  come 
into  contact  with  the  nitrate  of  silver  in  the  bath 
solution.  The  surface  of  the  plate  then  has  a  coating 
of  iodide  of  silver,  or  where  bromide  is  present, 
iodobromide  of  silver. 

Now  in  the  collodion  emulsion  process  the  bromide 
of  silver,  or  sometimes  chloro-bromide  of  silver,  where 
a  chloride  is  present,  is  formed  before  being  added 
to  the  collodion,  and  when  the  two  are  mixed  together 
and  thoroughly  shaken  an  emulsion  is  formed,  milk-like 
in  appearance.  This  emulsion  is  spread  on  the  plate 
in  the  same  way  as  the  collodion  in  the  wet  plate  process. 
In  one  way  of  working  the  process  the  plate  is  placed 
in  the  camera  in  the  moist  state,  being  most  sensitive 
in  this  condition.  It  has  been  found  possible,  however, 
by  suitable  modifications  of  the  process  to  dry  off  the 
plates  for  use  at  any  time. 

Much  excellent  work  was  done  by  the  collodion 
emulsion  process  in  the  days  before  the  dry  plate  became 
35 
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a  commercial  proposition;  but  whichever  way  the  process 
was  worked — moist  or  dry — it  was  a  troublesome 
and  none  too  certain  method.  Efforts  were  made 
to  introduce  commercial  collodion  dry  plates,  but 
just  as  these  promised  to  be  successful  the  gelatine 
dry  plate  came  into  vogue  and  swept  away  any  chances 
the  older  process  might  have  had. 

At  its  best  the  collodion  emulsion  dry  plate  could 
not  compete  with  the  speed  attained  by  the  gelatine 
plate,  so  that  whatever  advantages  the  former  possessed 
were  neutralized  by  this  factor.  Besides  the  gelatine 
plates  were  cheaper  and  easier  to  manufacture. 

Of  late  *years  collodion  emulsion  has  been  brought 
into  use  again  by  the  developments  of  reproduction 
processes  in  the  direction  of  colour  work.  It  was  found 
that  the  emulsion  could  be  readily  treated  with  dyes 
to  render  it  more  sensitive  to  particular  colours  or 
parts  of  the  spectrum.  When  used  moist  in  this  way 
the  sensitiveness  was  made  equal  to  gelatine  dry  plates 
of  medium  rapidity. 

No  means  have  so  far  been  discovered  of  making 
a  highly  sensitive  collodion  dry  plate,  and  so  long  as 
this  drawback  remains  the  collodion  emulsion  process 
must  have  but  a  limited  application. 

We  do  not  go  deeply  into  the  preparation  of  collodion 
emulsion  and  its  working,  as  it  is  hardly  likely  that 
many  readers  of  this  book  will  be  interested  in  it. 
Full  details  will  be  found  in  some  of  the  older  books 
on  photography,  and  the  modern  applications  of  it 
are  treated  in  Collodion  Emulsion,  by  H.  O.  Klein. 

The  preparation  of  gelatine  dry  plates  is  similar 
in  principle  to  collodion  emulsion  up  to  a  certain  point. 
There  is  the  same  process  of  mixing  the  sensitive  salts 
with  a  vehicle  to  form  an  emulsion,  but  there  is  an 
important  difference  of  result  between  using  collodion 
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and  gelatine.  Whereas  it  is  found  that  collodion  had  little 
or  no  effect  on  the  sensitive  salts  held  in  suspension  in  it, 
the  gelatine  can  be  made  to  act  upon  them  as  to  bring 
about  increased  sensitiveness.  An  action  goes  on  which 
is  termed  "  ripening."  This  action  increases  the  sensi- 
tiveness of  the  plate,  and  though  there  is  a  limit  to 
which  it  can  be  carried,  it  is  possible  to  reach  a  point 
where  plates  of  extremely  high  rapidity  are  obtained. 

The  ripening  action  can  be  brought  about  either  by 
treatment  of  the  emulsion  with  ammonia,  or  by  raising 
the  temperature  of  the  emulsion.  The  former  process 
is,  we  believe,  most  generally  used  now. 

It  is  quite  impracticable  for  a  photographer  to  attempt 
making  for  himself  gelatine  dry  plates,  though  some 
of  the  old  workers  used  to  do  it,  and  it  does  not  seem 
worth  while  to  describe  the  method  here.  Those  who 
are  interested  enough  to  pursue  the  subject  further 
will  find  the  process  described  in  several  photographic 
books,  notably  in  Abney's  Photography  with  Emulsions. 

Films  differ  from  dry  plates  only  in  the  fact  that  the 
gelatine  emulsion  is  spread  on  a  film  of  celluloid 
instead  of  on  glass  plates.  Sometimes  the  film  is  thick, 
so  as  to  be  used  flat  in  dark  slides,  exactly  as  a  glass 
plate,  but  the  bulk  of  the  photographic  film  used  is 
employed  in  the  form  of  long  strips  in  special  roll  holders 
which  enable  the  film  to  be  wound  from  a  spool  at  one 
side  to  a  similar  spool  at  the  other  side. 

The  photographer  of  the  present  day  does  not  need 
to  concern  himself  much  as  to  what  plates  or  films 
to  buy.  As  a  rule  the  advice  of  the  photographic  dealer, 
or  of  a  friend  already  versed  in  the  craft  is  taken,  but 
even  without  this  aid  one  cannot  go  far  wrong  since 
there  is  not  much  to  choose  between  one  make  and 
another.  It  is  only  the  expert  amateur  or  experienced 
professional  who  can  distinguish  the  subtle  differences 
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of  quality  between  the  different  makes.  All  reputable 
makers  have  to  keep  their  plates  up  to  an  accepted 
standard  in  regard  to  speed,  freedom  from  faults  and 
uniform  working  qualities.  As  dry  plate  making  is 
not  a  business  which  can  be  done  by  a  small  manufac- 
turer, working  to  get  business  by  the  cheapness  of  his 
product,  there  is  not  much  danger  of  poor  plates  and 
films  getting  on  the  market.  The  business  is  confined 
to  a  few  well-known  firms  whose  prices  are  equal  for 
equal  brands  and  sizes. 

A  good  deal  of  confusion  is  caused  in  the  minds  of 
beginners  by  manufacturers  printing  on  the  labels 
of  their  plate  boxes  such  terms  as  "  Rapid,"  "  Extra 
Rapid,"  "  Extra  Speedy,"  "  Snapshot,"  "  Flashlight," 
"  Lightning,"  etc.  These  terms  are  really  no  guide 
except  as  indicating  that  the  plate  purports  to  be  more 
or  less  "  fast  "  in  exposure. 

In  the  early  days  of  the  dry  plate  the  makers  adopted 
three  designations,  which  were  generally  understood, 
viz.,  "  ordinary,"  "  rapid,"  and  "  extra  rapid."  Of 
these  terms  the  first  only  has  survived.  By  common 
consent  the  "  ordinary"  is  the  plate  for  timed  exposures, 
and  it  is  with  this  plate  that  the  beginner  is  advised 
to  make  his  first  efforts.  Such  a  plate  will  give  him 
the  least  trouble  in  exposure  and  development,  owing 
to  what  is  called  its  "  latitude,"  which  means  the  allow- 
ance of  a  considerable  margin  for  errors  of  exposure. 

The  only  reliable  way  of  comparing  the  relative 
speeds  of  plates  is  by  a  system  of  testing  which  all 
dry-plate  makers  have  adopted.  This  is  known  as  the 
"  H.  and  D."  system,  these  letters  indicating  the  initials 
of  the  names  of  the  inventors  of  it,  Messrs.  Hurter  and 
Driffield.  These  investigators  based  their  method 
on  the  hypothesis  that  in  a  perfect  negative  the  opacities 
of  the  different  gradations  in  the  negative  were  strictly 
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proportional  to  the  light  reflected  from  those  portions 
of  the  subject  which  they  represented  when  the  plate 
had  received  the  correct  exposure,  and  that  a  true 
representation  of  the  tones  of  the  original  was  only 
possible  when  the  density  of  the  negative  is  proportional 
to  the  light  intensity. 

To  compare  plates  of  varying  sensitiveness  they 
adopted  a  standard  light,  an  exposing  instrument, 
and  a  photometer  for  measuring  the  densities.  Test 
plates  are  taken  from  each  batch  of  emulsion,  and  read- 
ings are  obtained  with  the  instruments,  enabling  a  speed 
number  to  be  obtained  for  each  batch  of  plates  tested. 
These  speed  numbers  are  marked  on  the  boxes  of 
plates  sent  out.  The  comparative  plate  speed  is  pro- 
portionate to  the  numbers.  Thus  100  H.  and  D.  is  a 
comparatively  slow  plate,  and  300  H.  and  D.  is  a  fast  one. 

Exposure  tables  are  based  on  these  numbers  and  the 
relative  time  required  for  various  plates  can  be  calculated. 

These  calculations  are  made  easy  by  the  aid  of  ex- 
posure meters  which  are  usually  based  on  the  exposure 
of  a  strip  of  sensitive  paper  through  a  small  opening 
in  the  instrument.  The  time  taken  for  the  paper 
to  darken  to  a  standard  tint  is  noted,  and  this  figure 
is  set  on  the  scale  of  the  instrument  opposite  to  a 
figure  indicating  the  sensitiveness  of  the  plate.  Then 
opposite  the  figure  on  another  scale  denoting  the  size 
of  the  diaphragm  opening  the  exposure  time  will  be 
found.  Another  scale  is  usually  provided  to  give  an 
indication  of  the  variation  to  make  for  the  class  of 
subject  that  is  being  photographed — landscape,  seascape, 
buildings,  etc.  The  Watkins  meters  are  popular  types. 

It  is  not  absolutely  necessary  to  use  an  exposure 
meter,  and  the  majority  of  professional  photographers 
ignore  such  aid,  depending  on  the  judgment  gained  by 
experience,  but  the  advanced  amateur  largely  employs 
this  means  and  holds  it  to  be  a  reliable  adjunct. 


CHAPTER  VI 

MAKING  THE   EXPOSURE 

HAVING  chosen  a  camera  and  procured  the  necessary 
sensitive  plates  or  films,  the  would-be  photographer 
sets  forth  to  find  his  subject  and  expose  his  first  plate. 
The  amateur  is  usually  ambitious  to  take  portraits 
or  groups  of  his  friends  in  the  home  garden,  but  this 
is  an  essay  not  to  be  recommended.  It  is  possible  that 
by  chance  the  first  efforts  in  this  direction  turn  out  accept- 
able, but  this  is  not  invariably  the  case,  and  more  often 
the  results  are  disappointing  and  discouraging. 

The  photographic  beginner  will  learn  far  more  by 
taking  a  view  of  a  house,  or  garden,  or  the  perspective 
of  a  street.  Alternatively  if  a  marble  statuette  or 
a  plaster  cast  is  available  that  will  give  him  much  better 
experience  than  taking  portraits.  By  practising  in 
this  way,  taking  views  from  different  standpoints 
he  will  gain  a  knowledge  of  the  way  light  falls  on  objects, 
and  how  this  affects  the  results  on  the  photographic 
plate. 

By  trying  different  times  of  exposure  on  the  same 
subject,  and  by  taking  it  at  different  times  in  the  day, 
it  will  be  seen  how  great  are  the  variations  that  may 
be  produced  with  the  same  appliances  and  materials. 

Again,  by  directing  the  camera  towards  different 
points  of  view,  and  from  varying  distances  it  will  be 
noted  that  widely  different  results  are  obtained,  some 
being  more  pleasing  than  others. 

Suppose  the  photographer  has  set  up  his  camera 
directly  opposite  to  a  house,  he  may  very  likely  find 
that  he  cannot  get  the  whole  of  the  subject  on  the  plate 
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from  the  position  where  he  is  standing.     Possibly  the 

width  of  the  house  may  come  within  the  plate  but  not 

the       height.       Very 

naturally,  he  tilts  the 

camera, ,  and    gets    in 

the  top  of  the  house, 

but  then  he  finds  that 

the  view  is  distorted, 

tapering  towards  the 

top.       If  his  camera 

has  a  swing  back  and 

rising  front  he  will  be 

able    to    correct    this 

by  raising  the  lens,  and  swinging  inwards  the  plane 


FIG.  20 
SHOWING  SWING  BACK 


FIG.  21 
HOUGHTON  CAMERA  WITH  SWING  FRONT  AND  BACK 

of  the  ground  glass  so  that    it  will  be  vertical  not- 
withstanding the  tilt   of  the   camera    (Fig.   20).    The 
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same  result  may  be  attained  if  the  camera  has  a  swing 
front  as  in  Fig.  21.  Should,  however,  his  camera  be 
one  with  fixed  back  and  front,  as  are  most  cheap  hand 
cameras,  his  only  remedy  may  be  to  get  farther  away 
and  take  the  house  in  slight  perspective  if  the  street  is 
too  narrow.  This  will  probably  give  a  better  view  of 
the  house  in  any  case  than  a  view  broadside  on. 


FIG.  22 

HOLDING  A   KODAK   FILM   CAMERA 

Some  cameras  have  a  side  swing  movement,  which 
enables  a  better  perspective  to  be  obtained  when 
objects  "at  one  side  of  the  view  are  much  nearer  than 
others. 

When  working  with  a  camera  supported  on  a  tripod 
it  is  easy  to  rotate  the  camera  from  right  to  left 
or  vice  versa,  especially  if  the  tripod  is  provided 
with  a  turntable  so  as  to  find  out  the  best  part  of  the 
view  to  form  the  central  point  of  interest  in  the  picture, 
and  also  to  leave  out  unsuitable  parts  at  one  side  or 
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other  of  the  picture.  A  cross  front  which  is  usually 
fitted  to  stand  cameras  enables  a  similar  result  to  be 
obtained,  though  to  a  more  limited  extent. 

When  using  hand  cameras  the  levelling  and  centring 
of  the  picture  must  be  done  by  viewing  the  objects 
in  the  finder,  and  by  watching  the  spirit  level  if  the 
camera  is  provided  with  one.  The  beginner  has  to 
learn  to  hold  the  camera  quite  steady  in  the  position 
determined,  and  to  keep  it  so  until  the  exposure  is  made. 
Fig.  22  shows  how  a  Kodak  film  camera  is  held. 

Where  dark  slides  are  used  care  has  to  be  taken  not 
to  disturb  the  camera  when  inserting  a  slide,  and  if 
the  slides  are  double  ones  means  must  be  employed 
for  knowing  which  plate  has  been  exposed  otherwise  two 
exposures  may  be  made  on  one  plate.  Usually  the 
slides  are  numbered,  and  the  exposures  can  be  registered 
in  a  note  book,  or  an  indicator  is  sometimes  provided 
to  show  the  side  which  has  been  exposed.  Some  slides 
have  a  tablet  on  them  for  writing  on  with  pencil  any 
notes  as  to  exposure. 

Next  to  choosing  the  point  of  view,  comes  the  im- 
portant operation  of  focussing,  which  is  not  so  easy  as  it 
may  seem.  The  beginner  has  to  get  accustomed  to  the 
novelty  of  seeing  the  picture  upside  down  on  the  ground 
glass;  then  he  must  also  get  used  to  the  dimness  of  the 
picture,  subdued  as  it  is  by  the  grain  of  the  ground  glass, 
and  having  to  be  examined  with  the  head  under  a 
focussing  cloth. 

The  photographer  racks  the  ground  glass  to  and  fro 
until  he  gets  what  appears  to  be  the  sharpest  possible 
result  for  the  central  features  of  interest  in  the  view. 
He  will  find  that  it  is  not  possible  to  get  all  objects 
equally  sharp,  and  he  must  decide  which  are  most 
important  to  be  most  clearly  defined. 

Another  point   which  will  trouble  the  beginner  is 
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that  there  is  a  falling  off  in  sharpness  towards  the  edges 
of  the  plate,  and  if  the  character  of  the  view  is  such 
that  sharpness  all  over  is  essential,  resort  must  be  had 
to  what  is  termed  "  stopping  down."  This  means 
regulation  of  the  aperture  of  the  lens  by  means  of  the 
diaphragm.  A  change  from  full  aperture  to  the 
next  size  smaller  will  produce  the  desired  result  with 
many  subjects,  but  if  still  greater  sharpness  is  desired 
(and  possibly  because  the  lens  is  a  poor  one  not  giving 
sharpness  at  a  large  aperture)  a  still  smaller  diaphragm 
must  be  used.  Excessive  sharpness  is  not,  however, 
a  quality  to  be  uniformly  aimed  at.  Some  subjects 
may  be  better  for  being  taken  slightly  unsharp,  the  result 
being  softer. 

In  "  stopping  down  "  it  must  not  be  forgotten  that 
the  exposure  is  increased  as  the  aperture  gets  smaller. 
It  will  be  noted  that  the  diaphragm  openings  are  num- 
bered 8,  11,  16,  32,  45,  64,  in  an  ordinary  lens,  though 
some  modern  lenses  of  high  quality  have  numbers 
beginning,  4-5,  6-5,  or  7-7.  In  books  of  instruction 
and  in  exposure  tables  these  numbers  are  preceded 
by  F/.  This  means  that  the  focus  of  the  lens  (the 
distance  from  the  ground  glass  when  objects  are  at 
a  great  distance,  termed  "  at  infinity  ")  is  divided  by 
the  number  representing  the  aperture. 

For  example,  suppose  the  number  is  8  and  is  expressed 
F/8,  this  means  that  the  focus,  whatever  it  may  be,  is 
divided  by  8,  and  the  quotient  is  the  diameter  of  the 
aperture.  Suppose  the  focus  is  8  in.  then  8  divided 
by  8  gives  1,  so  that  the  aperture  is  1  in.  in  diameter. 
Now  F/16  would  similarly  give  J  in.,  but  it  must  not 
be  supposed  that  the  exposure  will  be  simply  doubled  ; 
as  a  matter  of  fact  it  will  be  quadrupled.  The  numbers 
of  the  diaphragms  are  actually  arranged  so  that  each 
step  smaller  doubles  the  exposure.  Thus,  if  the  correct 
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exposure  for  F/8  is  1  minute  the   exposure  for   F/ll 
will  be  2  minutes,  other  things  being  equal. 

The  diaphragms  are  also  used  for  regulating  the 
exposure  as  well  as  for  securing  sharpness.  It  may 
happen  that  the  light  is  so  brilliant  that  if  the  exposure 
was  made  with  full  aperture  the  plate  would  be  over- 
exposed. By  stopping  down  to  the  next  size,  or  to 


FIG.  23 

ROLLER   BLIND  LENS 
SHUTTER 


FIG.  24 

ROLLER  BLIND  FOCAL 
PLANE  SHUTTER 


some  smaller  size,  the  exposure  can  be  controlled.  This 
method  has  to  be  adopted  when  working  without  a 
shutter,  and  time  exposures  have  to  be  given. 

If  the  camera  is  provided  with  an  automatic  shutter 
then  the  photographer  sets  it  for  the  exposure  time 
determined  upon,  either  by  judgment,  or  with  the 
aid  of  an  actinometer,  or  by  reference  to  an  exposure 
table.  A  shutter  is  absolutely  necessary  for  instantan- 
eous exposures  of  rapidity  which  varies  in  fractions 
of  a  second. 
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The  shutter  may  be  a  separate  piece  of  apparatus 
attached  to  the  front  of  or  behind  the  lens  (Fig.  23),  or 
can  be  what  is  called  a  focal  plane  shutter  which  is  in 
the  form  of  a  curtain  with  a  slit  in  it  (Fig.  24)  immediately 
in  front  of  the  plate. 


FIG.  25 

A  REFLEX  CAMERA   BY   HOUGHTON's 

A  form  of  camera  which  is  largely  used  for  press 
photography  is  the  "  Reflex "  type  (Fig.  25).  It  is 
provided  with  a  mirror  inclined  at  45°  to  the  axis  of 
the  lens.  The  mirror  reflects  the  image  upwards  to 
the  ground  glass  which  is  laid  horizontally  on  the  top 
of  the  camera.  On  looking  down  the  hood,  the  image 
is  seen  and  can  be  kept  in  view  until  the  moment  of 
exposure.  When  the  trigger  is  released,  the  mirror 
swings  up  out  of  the  way  and  the  plate  in  the  dark 
slide  at  the  back  of  the  camera  is  exposed,  the  shutter 


MAKING   THE    EXPOSURE  47 

operating  simultaneously  with  the   movement   of  the 
mirror. 

Although  good  daylight  is  the  essential  for  photo- 
graphy in  general  there  are  occasions  when  it  is  not 
available,  and  much  successful  work  is  done  by  means 
of  artificial  light.  In  portrait  studios  electric  light 
is  largely  used  either  in  the  form  of  the  electric  arc  lamp, 
the  mercury  vapour  lamp,  or  groups  of  incandescent 
lamps,  and  gas  light  has  been  used  to  advantage  by 
employing  clusters  of  burners  with  incandescent  mantles. 
For  the  professional,  who  has  to  work  away  from  the 
studio,  taking  groups  in  public  buildings  or  "  at  home  " 
portraits,  resort  is  made  to  the  flash  light  produced  by 
burning  magnesium  powder,  or  sometimes  aluminium 
powder.  The  means  for  firing  the  powder  are  quite 
simple,  generally  consisting  of  a  bulb  and  tube  to 
blow  the  powder  through  a  spirit  flame.  It  is  also 
possible  to  obtain  cartridges  of  the  powder  mixed  with 
chemicals  which  facilitate  ignition.  Flashlight  photo- 
graphy presents  no  difficulties  to  the  amateur,  though 
it  requires  experience  in  arranging  the  lighting  to  get 
the  best  results.  Instantaneous  exposures  are  obtainable 
by  this  method  but  where  a  long  exposure  is  required 
in  a  dark  interior  it  is  often  the  practice  to  use  magnes- 
ium ribbon,  which  has  simply  to  be  lighted  at  the  end. 
There  are  lamps  for  mechanically  unwinding  the  ribbon 
as  it  burns  away. 


CHAPTER  VII 

DEVELOPMENT    AND    AFTER-TREATMENT    OF 
THE    PLATE 

WHATEVER  form  of  sensitive  plate  is  employed,  whether 
collodion  or  gelatine  emulsion,  it  must  be  understood 
that  no  visible  image  is  obtained  by  exposure  in  the 
camera,  so  that  there  is  nothing  in  the  appearance 
of  the  plate  to  denote  that  it  has  been  exposed. 

The  plate  must  be  removed  from  the  dark  slide  in 
the  dark  room,  and  must  then  undergo  a  process  known 
as  development.  This  consists  in  applying  a  chemical 
solution  which  will  act  on  the  silver  which  has  received 
the  light  action,  that  is  to  say,  the  parts  represented 
by  the  light  reflected  from  the  object  which  has 
been  photographed.  The  darkest  shadows  of  the 
object  will  reflect  no  light,  or  at  any  rate  none  sufficient 
to  affect  the  sensitive  surface.  Thus  there  will  be  no 
developing  action  on  these  parts,  but  on  the  other 
portions  the  silver  compound  in  the  film  will  be  darkened 
by  the  developer  and  the  amount  of  darkening  will  be 
proportionate  to  the  amount  of  light  which  has  reached 
the  different  parts  of  the  plate. 

A  little  consideration  will  show  that  the  result  must 
be  a  negative  one.  The  white  parts  of  the  subject 
will  have  reflected  the  most  light,  and  consequently 
the  greatest  darkening  action  occurs  in  corresponding 
parts  on  the  negative.  The  white  face  of  a  portrait 
subject  will  be  represented  by  a  black  face  on  the  nega- 
tive. This  is  well  illustrated  by  the  reproduction  of  a 
negative  given  on  the  opposite  page. 

It  will  also  be  noted  that  the  tones  of  the  picture 
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are  formed  by  patches  of  varying  density,  so  that 
when  the  negative  is  subsequently  printed  there  will  be 
the  same  variation  of  tones  on  the  paper  picture.  . 

This  darkening  action  of  the  developer  is  brought 
about  by  a  chemical  process  described  briefly  as  reduction 
of  the  silver  to  the  metallic  state.  It  is  not  possible 
here  to  describe  the  chemical  reactions  in  a  simple 
way.  Sufficient  to  say  that  the  greyish  white  granules 
of  silver  compound  are  blackened  by  the  action  of  the 
developer.  Let  us  say  that  the  action  is  analogous 
to  the  tarnishing  of  bright  silver  articles  exposed  to 
the  atmosphere,  and  especially  when  sulphur  fumes 
are  present,  as  from  gas.  Though  not  a  correct  chemical 
explanation  it  will  serve  as  a  popular  illustration. 

In  the  case  of  wet  collodion  the  developer  usually 
employed  is  an  acidified  solution  of  sulphate  of  iron. 
Collodion  emulsion  is  commonly  developed  with  hydro- 
quinone,  which  complex  chemical  is  one  of  those  numerous 
substances  derived  from  coal  tar  products.  This  developer 
is  also  very  suitable  for  dry  plates,  though  it  has 
been  largely  superseded  by  a  variety  of  other  compounds 
also  derived  from  coal  tar  products,  and  introduced 
by  the  Germans  under  such  fancy  names  as  Metol, 
Rodinal,  Amidol,  Glycin,  etc.  Chemically  they  are 
all  of  the  same  family  group,  but  their  action  on  the 
sensitive  film  varies,  some  being  more  powerful  than 
others.  During  the  war  efficient  British  substitutes 
for  these  chemicals  have  been  introduced,  under  various 
names,  such  as  Mo  no  met,  which  is  the  equivalent  of 
Metol.  Hydrcquinone  is  sometimes  employed  in  con- 
junction with  Metol,  and  then  forms  a  faster  developer. 

A  developer  much  favoured  in  the  early  days  of 
photography,  and  which  is  still  used  largely  by  pro- 
fessional photographers,  is  pyrogallic  acid,  commonly 
known  as  "  pyro."  This  has  been  used  with  advantage 
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on  wet  collodion,  and  collodion  emulsion,  as  well  as  on 
gelatine  plates,  and  yields  excellent  negatives.  It  is 
out  of  favour  with  amateurs  because  it  stains  the 
fingers,  and  unless  carefully  used  is  apt  to  give  yellow 
stained  negatives  which  are  difficult  to  print.  Whatever 
developer  is  used  the  compound  is  dissolved  in  water 
and  diluted  to  a  suitable  strength,  the  formula  for  mixing 

the  developer  being 
always  given  on  the 
boxes  of  dry  plates. 
It  is  best,  for  be- 
ginners at  any  rate, 
to  follow  the  makers' 
instructions. 

Except  in  the  case 
of  wet  plates,  which 
are  developed  by 
pouring  on  the  de- 
veloper whilst  the 
plate  is  held  level, 
the  plates  are  laid 
in  a  tray  of  porce- 

FlG  26  \ain,     ebonite,      or 

other  material,  the 
developer  being 
poured  on,  and  the  dish  rocked  to  and  fro  to  ensure 
development. 

Celluloid  films  are  developed  in  the  same  way  if  of 
the  thick  kind,  or  in  strips  which  are  drawn  to  and  fro 
through  the  developer  if  the  film  is  of  the  thin  kind 
used  in  roll  film  cameras  (Fig.  26) .  Various  special  trays 
and  tanks  are  also  employed  for  the  development  of 
films  (Figs.  27  and  28  show  one  form  of  these  tanks). 

In  this  apparatus  the  film  spool,  after  removal  from 
the  camera,  is  put  into  the  winding  box,  and  re-wound 
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in  contact  with  a  corrugated  waterproof  apron,  which 
enables  the  developer  to  reach  every  part  of  the  film. 
The  roll  thus  formed  is  put  into  the  cylindrical  tank 
and  is  raised  two  or  three  times  with  the  wire  hook, 
shown  in  the  illustration,  so  as  to  expel  air  bubbles. 

"'  The  effect  seen  after  ap- 
plying the  developer  is  that 
after  a  few  seconds  or  a  few 
minutes — the  time  depending 


FIG.  27  FIG.  28 

KODAK   DEVELOPING   TANK   AND   WINDING   BOX 


on  the  exposure,  the  temperature,  and  the  strength 
of  the  developer — parts  of  the  plate  will  darken, 
which  can  readily  be  seen  in  contrast  with  the  creamy 
white  film,  even  in  the  dim  light  of  the  dark  room 
In  the  case  of  a  portrait  the  parts  which  darken  first 
will  be  the  whites  or  very  light  parts  of  the  subject — 
technically  called  the  "  high  lights."  In  the  case  of 
a  portrait  the  parts  which  will  darken  first  will  be 
a  white  collar  or  white  lace  on  a  dress,  and  in  the  case 
of  a  landscape  the  sky  will  come  out  first.  The  other 
parts  will  appear  more  slowly,  and  are  less  readily  seen. 
The  completion  of  development  is  generally  determined 
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by  holding  the  plate  up  to  the  lamp,  so  that  light  is 
reflected  through  the  film  and  enables  the  worker  to 
determine  whether  all  the  detail  of  the  picture  has 
been  brought  out. 

It  is  a  matter  of  judgment, 
only  acquired  by  experience  to 
decide  when  a  negative  is  fully 
developed.  Usually  the  amateur 
is  told  to  develop  until  the 
plate  is  almost  darkened  all 
over,  or  until  the  darkened 
parts  show  through  at  the  back 
of  the  plate.  In  this  condition 
it  will  be  difficult  to  see  the 
detail  when  the  plate  is  held 
up  to  the  lamp,  but  such  detail 
will  become  visible  in  the 
subsequent  operation  of  "  fix- 
ing." 

Of  late  years  a  method 
known  as  "tank"  develop- 
ment has  been  much  used. 
The  developer  is  diluted  so  as 
to  weaken  it  and  thereby 
prolong  the  operation.  Several 
plates  are  immersed  in  the 
developer  in  a  tank  which 
is  closed  by  a  light-tight  lid  (Fig.  29),  and  they  are 
allowed  to  remain  for  a  determined  time,  depending 
on  the  particular  make  of  plate,  the  exposure,  and  the 
nature  of  the  developer.  No  examination  of  the  plates 
during  development  is  needed,  and  when  taken  out  they 
are  ready  for  "  fixing  "  after  a  slight  rinse. 

This  latter  operation  consists  in  immersing  the  plate, 
after  rinsing  off  the  developer,  in  a  bath  of  hyposulphite 


FIG.  29 
DEVELOPING  TANK 
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of  soda,  usually  called  hypo,  which  has  the  effect  of 
dissolving  out  all  the  silver  that  has  not  been  acted 
upon  by  light,  leaving  the  plate  transparent  in  these 
parts.  It  is  quite  a  simple  operation  requiring  practically 
no  experience.  When  fixing  is  complete  all  the  whiteness 
shown  at  the  back  of  the  film  disappears,  and  the  plate 
looks  black. 

Wet  collodion  and  collodion  emulsion  can  also  be 
"  fixed  "  by  means  of  hypo,  but  it  is  generally  preferred 
to  use  cyanide  of  potassium,  which  is  more  effective,  and  is 
less  trouble  to  wash  out.  This  chemical  cannot  be  used 
for  dry  plates,  as  it  has  a  solvent  action  on  the  gelatine. 

An  important  step  is  next  to  get  rid  of  the  fixing 
solution  which  has  soaked  into  the  film.  If  the  fixing 
chemical  is  not  entirely  eliminated  stained  negatives 
result,  either  in  the  subsequent  processes,  or  after  the 
negatives  have  been  kept  for  some  time.  This  elimina- 
tion of  the  fixing  salt  is  simply  done  by  thorough  soaking 
and  washing  with  water.  "  Hypo  eliminators "  are 
sold  by  dealers,  but  are  not  much  favoured  by  advanced 
workers. 

The  next  step  is  the  drying  of  the  films,  which  is 
done  by  placing  a  plate  in  a  rack  to  drain,  and  if  time 
allows  to  let  it  remain  long  enough,  say  overnight, 
it  will  dry  spontaneously.  Professional  workers  some- 
times hasten  the  drying  by  gentle  heat,  or  with  an 
electric  fan,  a  drying  cupboard  being  employed  where  a 
large  amount  of  work  is  being  done.  Drying  may  also 
be  hastened  by  immersing  the  plate  in  methylated  spirit. 

If  the  original  exposure  was  properly  timed,  the  oper- 
ations described,  if  carried  out  correctly,  will  result 
in  a  good  printable  negative,  but  as  exposure  is  the 
most  uncertain  factor  in  the  photographic  process,  the 
amateur  generally  finds  that  good  negatives  are  a 
matter  of  chance.  The  negative  may  have  been 
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under-exposed,  in  which  case  the  image  will  be  "  thin," 
that  is  to  say,  with  very  little  density  in  the  tones. 
Such  a  negative  would  yield  a  dark  print  with  little 
contrast.  On  the  other  hand  the  negative  may  have 
been  over-exposed,  when  it  will  either  be  "  flat,"  or 
very  dense,  A  "  flat  "  negative  will  yield  a  weak  print, 
whilst  a  dense  one  will  probably  show  great  contrasts 
of  black  and  white. 

The  question  arises  whether  such  faults  can  be  reme- 
died. They  can  if  the  defects  are  not  too  pronounced.  In 
the  case  of  an  under-exposed  negative  the  remedy 
is  to  apply  an  intensifying  solution,  which  will  darken 
the  image  ;  and  in  that  of  an  over-exposed  negative 
to  apply  a  reducing  solution. 

The  process  of  intensifying  consists  in  applying 
chemical  solutions  which  will  still  further  darken  the 
silver  particles  forming  the  image.  Numerous  chemical 
compounds  will  do  this,  but  the  most  simple  to  apply 
in  the  case  of  dry  plates  is  bichloride  of  mercury.  Where 
a  solution  of  this  salt  is  applied  to  the  plate  the  dark 
image  on  the  negative  is  bleached  white,  but  it  is 
blackened  after  a  brief  washing  by  next  flowing  over 
it  a  very  dilute  solution  of  ammonia.  It  will  then 
be  seen  that  the  dark  parts  of  the  negative  are  much 
intensified  and  details  in  the  shadows  which  were  not 
previously  very  visible,  become  much  more  pronounced. 
Such  a  plate  after  being  washed  and  dried  will  yield 
a  much  better  print,  and  often  this  process  is  a  means 
of  saving  a  negative  which  could  not  be  taken  again. 

The  process  of  reduction  is  a  reversal  of  the  preceding 
method.  The  solution  applied  makes  the  negative 
less  dense  by  removing  some  of  the  darkened  silver 
in  the  image,  and  clears  away  deposits  of  silver  particles 
in  the  transparent  portions.  Various  chemicals  will 
effect  this  reduction,  but  the  simplest  is  a  solution 
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of  ferricyanide  of  potassium  to  which  is  added  a  solution 
of  hyposulphite  of  soda.  This  solution  acts  very 
vigorously  on  the  image,  and  if  allowed,  to  stay  on  too 
long  may  overstep  the  desired  effect.  Its  action  is 
stopped  by  simply  rinsing  the  plate. 

Similar  processes  are  used  in  wet  collodion  and  collodion 
emulsion  work,  but  in  these  processes  there  is  also 
a  method  of  intensification  which  partakes  more  in 
the  nature  of  re-development.  This  is  done  with  a 
solution  of  pyrogallic  acid  and  nitrate  of  silver,  with 
the  addition  of  citric  acid. 

The  only  other  treatment  the  negative  receives 
is  in  the  case  of  plates  which  have  to  be  extensively 
printed  from  and  preserved,  as  in  the  case  of  professional 
negatives  which  are  varnished  to  preserve  the  films. 

Portrait  negatives  are  invariably  "  retouched," 
an  operation  which  consists  in  applying  a  slight  coating 
of  varnish  of  such  a  nature  that  the  surface  is  roughened 
slightly,  so  as  to  take  lead  pencil  marks.  The  retoucher 
stipples  or  shades  the  light  parts  of  the  negative  so 
as  to  soften  what  would  print  as  shadows,  say  under 
the  eyes  or  where  the  cheek  bones  show  prominently 
in  portraits.  In  some  cases  instead  of  pencilling  a  pro- 
cess of  light  scraping  of  dark  parts  is  resorted  to  so  as 
to  cause  the  negative  to  be  more  transparent  in  these 
parts'  and  consequently  to  print  darker. 

In  the  case  of  landscape  negatives  the  corresponding 
operations  are  usually  performed  by  coating  the  plain 
glass  side  of  the  negative  with  a  matt  varnish  which 
when  dry  will  take  pencilling  or  stumping  with  black  lead, 
whilst  at  the  same  time  the  varnish  holds  back  printing 
of  the  shadows.  Sometimes  a  sky  or  an  objectionable 
background  is  stopped  out  with  an  opaque  paint,  and 
occasionally  clouds  are  printed  in  by  a  second  exposure. 
A  new  background  can  be  applied  in  the  same  way. 


CHAPTER  VIII 

PRINTING   PROCESSES 

MAKING  prints  from  the  negative  is  relatively  a  more 
simple  matter  than  the  making  of  the  negative,  and  there 
is  an  extensive  choice  of  sensitive  papers  for  producing 
varied  effects. 

The  oldest  method,  now  practically  discarded,  was 
the  use  of  a  plain  paper  inpregnated  with  silver  chloride. 
The  paper  was  first  soaked  in  a  solution  of  a  chloride 
salt  and  then  floated  on  a  bath  of  silver  nitrate.  When 
dried  this  paper  was  exposed  under  the  negative  and  a 
visible  image  was  obtained.  The  portions  under  the 
most  transparent  parts  of  the  negative  darkened  most 
and  quickest,  the  other  portions  in  a  varying  degree 
corresponding  to  the  density  of  the  negative  in  its 
respective  tones.  The  print  was  made  darker  than 
the  finished  print  was  desired  to  be,  as  there  was  a  loss 
in  fixing.  The  latter  operation  simply  consisted 
in  immersing  the  print  in  a  solution  of  hypo.  The 
print  was  then  washed,  and  having  been  dried  was 
complete. 

The  results  of  such  a  process  were  usually  flat  and 
unsatisfactory  owing  to  the  action  of  organic  compounds 
in  the  paper,  and  it  was  found  desirable  to  "  size  "  the 
paper.  The  sizing  was  usually  done  with  a  weak  solution 
of  arrowroot,  though  starch  or  gelatine  would  serve  the 
same  purpose.  The  treatment  of  the  paper  with  chloride 
and  silver  nitrate  was  as  before  described.  The  result  of 
this  improvement  was  that  the  prints  were  cleaner  and 
brighter.  This  was  due  to  the  formation  of  a  new  silver 
compound,  and  to  the  image  being  kept  to  the  surface 
of  the  paper. 
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This  process  can  be  applied  to  fabrics  and  to  wood, 
leather,  or  any  other  organic  material  that  can  be  "  sized. 

A  further  improvement  on  this  method  was  the 
albumen  process.  This  consisted  in  applying  a  coating 
of  egg  albumen  to  the  paper.  The  albumen  was  mixed 
with  ammonium  chloride  before  being  applied  to  the  paper 
and  by  drying  at  a  high  temperature  a  glossy  surface 
was  obtained.  This  paper  was  liable  to  deterioration, 
becoming  discoloured  and  yielding  prints  that  were 
weak  and  flat.  To  avoid  this  trouble  it  was  customary 
to  fume  the  paper  by  placing  it  in  a  cupboard  with  a 
basin  containing  strong  liquor  ammonia.  Other  methods 
were  employed  with  the  same  object,  such  as  pressing 
the  paper  between  sheets  of  blotting  paper  soaked 
in  citric  acid  or  other  chemicals. 

The  prints  yielded  by  this  process  are  of  a  reddish 
brown  colour  which  would  not  be  pleasing  if  they  were 
finished  in  this  state,  and  it  was  therefore  found  desirable 
to  apply  a  further  process  known  as  "toning."  This 
consisted  in  immersing  the  print  in  a  solution  of  chloride 
of  gold  or  platinum,  but  usually  the  former.  Chemically 
the  result  was  to  change  the  colour  of  the  metallic 
silver  by  the  substitution  of  the  gold  or  platinum,  and 
the  effect  is  to  give  the  print  a  pleasing  tone.  According 
to  the  composition  of  the  bath  and  the  time  of  immersion 
various  shades  are  obtained  from  a  rose  tint  to  a  copper 
red,  purple,  or  chocolate,  and  even  to  a  black.  The 
platinum  bath  was  especially  suitable  for  shades  of 
sepia  brown.  To  produce  the  best  results  the  process 
of  toning  required  considerable  care  and  experience, 
and  the  process  was  not  one  in  which  an  amateur  was 
invariably  successful.  Moreover,  the  character  of  the 
negative  and  the  intensity  of  the  light  during  printing 
had  an  important  influence  on  the  tone.  These  uncer- 
tainties coupled  with  the  difficulties  of  preserving  the 
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paper  in  good  condition  led  to  the  process  falling 
into  disfavour  when  the  later  processes  of  printing-out 
and  development  papers  were  introduced. 

The  "  printing-out  paper,"  commonly  known  as 
P.O. P.,  is  the  outcome  of  the  gelatine  emulsion  process 
used  for  dry-plate  negatives.  The  emulsion  used  for 
the  latter  purpose  would  not  print  out,  i.e.,  give  a  visible 
image,  but  it  was  found  that  by  using  a  gelatino- 
chloride  emulsion  this  property  could  be  obtained. 
The  gelatine-chloride  emulsion  is  applied  to  a  paper 


FIG.  30 

PRINTING   FRAME 

of  good  strength  and  opacity,  a  thicker  and  better 
one  in  fact  than  that  used  for  the  albumen  process. 

Two  varieties  of  P.O.P.  are  made — "  glossy  "  and 
"  matt."  The  principle  of  manufacture  is  the  same, 
the  difference  of  surface  resulting  from  differences 
in  the  emulsion  and  from  the  surface  of  the  paper  used. 
This  emulsion  has  also  been  applied  to  glass  and  opal 
plates  giving  very  pleasing  effects,  though  such  materials 
have  never  been  popular. 

P.O.P.  is  made  on  a  large  scale  by  manufacturers 
employing  special  coating  machinery,  and  is  usually 
supplied  in  packets  cut  to  standard  sizes. 
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The  printing  of  this  paper  is  done  in  the  same  way 
as  for  the  albumen  process,  exposing  the  paper  under 
the  negative  in  a  printing  frame  (Fig.  30),  and  examining 
the  image  to  see  when  the  printing  is  finished.  The 
print  is  usually  made  darker  than  it  is  ultimately  desired 
to  be,  so  as  to  allow  for  loss  in  toning  and  fixing. 

'  The  toning  is  done  with  a  solution  of  chloride  of  gold, 
made  up  differently  to  that  used  for  albumen 
paper.  Usually  the  bath  contains  sulphocyanide  of 
ammonium.  On  matt  paper  platinum  toning  is 
often  employed,  giving  warm  brown  and  sepia  tones 
or  a  black  if  desired.  Other  substances  have  been 
employed  for  toning,  among  which  may  be  mentioned 
uranium,  palladium,  lead,  osmium,  iridium.  In  fact, 
practically  all  salts  of  the  metallic  elements  may  be 
employed. 

After  toning  the  prints  are  fixed  and  thoroughly 
washed  and  dried.  If  an  extra  glossy  surface  is  required 
the  prints  are  pressed  (or,  as  it  is  usually  termed, 
"  squee-geed ")  whilst  wet  into  contact  with  a  well 
cleaned  glass  plate,  ferrotype  plate,  or  paper-mache 
slab.  To  prevent  adhesion  the  plate  is  often  polished 
with  talc  powder  or  rubbed  with  a  wax  solution.  When 
dry,  the  prints  strip  off  with  a  highly  glazed  surface. 

There  are  "  self-toning  "  papers,  which  are  similar 
to  P.O.P.,  except  that  the  emulsion  contains  some  salt 
of  gold,  which  is  reduced  in  the  fixing  bath  and  thus 
tones  the  image,  so  that  the  necessity  of  toning  the 
image  is  avoided.  The  range  of  tones  that  can  be 
obtained  on  such  a  paper  is  more  limited  than  with  the 
separately  toned  P.O.P. 

Another  kind  of  printing-out  paper  is  that  produced 
by  the  collodio-chloride  paper.  After  enjoying  some 
popularity  on  its  introduction  it  became  practically 
obsolete,  probably  owing  to  difficulties  of  manufacture, 
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but  of  late  it  has  been  revived,  and  the  paper  is  now 
produced  by  several  firms  on  a  commercial  scale  by 
means  of  modern  coating  machinery.  The  essential 
feature  of  this  paper  is  that  collodion  is  used  instead 
of  gelatine  as  the  vehicle  to  hold  the  silver  chloride. 
A  highly  glossy  surface  is  produced  by  natural  drying, 
and  an  advantage  is  that  the  water  can  be  blotted  off 


FIG.  31 
BUTCHER'S  BROMIDE  PRINTING  BOX 

on  the  prints  coming  from  the  washing  tank,  and  the 
paper  dried  with  gentle  heat. 

So  far  we  have  dealt  with  papers  which  yield  a  visible 
image  by  exposure  to  daylight  under  the  negative, 
the  image  being  completed  by  toning  and  fixing.  We 
now  proceed  to  consider  another  class  of  paper  which 
is  very  extensively  used,  viz.,  bromide  paper. 

The  important  difference  in  using  this  paper  compared 
with  printing-out  papers  is  that  the  exposure  is  made 
with  artificial  light,  and  the  image  has  to  be  brought 
out  by  development.  • 
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The  paper  is  coated  with  gelatine  containing  silver 
bromide,  the  emulsion  being  similar  to  that  for  making 
plates  but  considerably  slower.  Unlike  the  printing- 
out  papers  the  bromide  paper  must  be  handled  entirely 
in  the  dark  room. 

The  chief  advantage  of  the  process  is  the  rapidity 
of  production,  and  on  this  ground  the  bromide  prints 
are  preferred  when  large  quantities  have  to  be  turned 


FIG.  32 
STRIP  PRINTER  BY  HOUGHTON 

out  quickly.  It  has  been  found  possible  to  apply 
mechanical  aids  to  increase  the  output  of  prints  by  this 
process.  The  chief  features  of  such  methods  are  that 
means  are  adopted  to  quicken  the  handling  of  the  paper 
and  the  making  of  the  exposure.  Quite  simple  appar- 
atus is  offered,  which  is  well  within  reach  of  the  amateur. 
The  most  usual  form  is  what  is  known  as  the  bromide 
printing  box;  this  consists  of  a  box  enclosing  an  electric 
lamp,  a  transparent  pane  in  the  top  to  lay  the  negative 
and  paper  on,  and  a  hinged  lid  to  press  the  paper  into 
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contact  (Fig.  31).  The  operation  of  applying  the  paper, 
switching  on  the  light  to  make  the  exposure,  and 
replacing  the  paper  with  another  piece  is  done  very 
quickly.  A  more  elaborate  form  of  apparatus  used  by 
the  professional  is  known  as  the  "  strip  printer,"  in 
which  long  strips  of  paper  are  placed  in  a  special  frame 
at  the  top  of  the  exposing  box,  and  a  slide  is  moved  along 
to  make  the  successive  exposures  (Fig.  32).  For  a 
large  manufacturing  output,  machines  are  employed  for 
exposing  paper  from  the  reel,  and  afterwards  developing 
and  drying  mechanically.  This  is  known  as  the  Rotary 
process. 

When  bromide  papers  were  first  introduced  a  solution 
of  ferrous  oxalate  was  employed  for  development, 
but  of  late  years  various  modern  developers  of  the 
non-staining  class,  such  as  amidol,  metol,  hydroquinone, 
etc.,  have  been  successfully  used. 

During  recent  years  a  class  of  sensitive  papers,  known 
under  the  name  of  "  gaslight  paper  "  have  come  greatly 
into  vogue,  especially  amongst  amateurs.  The  feature 
of  these  papers  is  that  the  emulsion  they  are  coated 
with  is  very  slow,  so  much  so  that  they  can  be  developed 
with  safety  a  yard  or  two  away  from  the  gas  light 
used  for  exposing.  A  more  energetic  developer 
has  to  be  employed  than  for  bromide  paper,  and  devel- 
opment usually  takes  longer  to  complete.  The  paper 
must  not  be  unduly  exposed,  nor  remain  too  long 
exposed  to  the  light.  What  is  implied  by  the  gas- 
light method  is  that  a  short  exposure  to  the  light  has 
little  effect  on  the  paper,  and  as  development  should 
be  completed  quickly  there  is  no  danger  of  fogging 
under  normal  conditions.  These  gaslight  papers  give 
pleasing  tones,  by  varying  the  exposure  and  time  of 
development,  without  the  aid  of  a  toning  bath,  though 
by  use  of  the  latter  a  still  greater  range  of  colours  can 
be  obtained. 
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Finally,  we  must  mention  the  platinum  process  which 
yields  very  beautiful  prints,  but  which  is  a  method 
usually  considered  too  expensive  and  difficult  for  the 
average  amateur.  The  salts  of  platinum  are  too  insen- 
sitive to  be  used  for  obtaining  a  direct  photographic 
image,  but  Mr.  W.  Willis,  the  inventor  of  the  platino- 
type  process,  discovered  that  it  was  possible  to  first 
produce  an  image  with  the  salts  of  iron,  and  build 
up  on  this  so  strong  an  image  with  platinum  that  the 
iron  compounds  could  be  removed  in  the  subsequent 
developing  operation  without  apparent  loss.  The 
platinotype  process  may  therefore  be  regarded  as 
a  method  of  toning  iron  prints.  The  paper  is  coated 
with  a  mixture  of  ferric  oxalate  and  a  salt  of  platinum. 
When  exposed  to  light  a  faint  image  is  produced.  The 
print  is  then  immersed  in  a  solution  of  potassium 
oxalate,  and  development  is  instantaneous.  Formerly 
this  bath  was  used  hot,  but  the  paper  will  develop  in 
a  cold  bath  though  it  is  generally  preferred  to  slightly 
warm  the  bath.  After  development  the  prints  are 
placed  in  a  weak  solution  of  hydrochloric  acid  which 
has  the  effect  of  dissolving  out  the  faint  iron  image. 
The  iron  must  be  thoroughly  removed  or  the  whites 
of  the  paper  will  turn  yellow.  A  final  washing  completes 
the  operations.  The  prints  obtained  are  a  rich  black, 
but  it  is  possible  to  obtain  sepia  tones  by  a  modified 
treatment.  The  best  negative  for  this  process  is  one 
with  a  fair  amount  of  contrast  and  good  gradations. 
If,  however,  the  negative  employed  is  not  quite  suitable, 
a  method  of  local  development  with  a  brush  may  be  used. 
Glycerine  is  applied  to  certain  portions  to  hold  back 
the  development  by  preventing  the  developer  sinking  in. 


CHAPTER  IX 

PRINTING  PROCESSES — CARBON  AND  OTHER  METHODS 

THE  processes  of  printing  we  have  described  in  our  last 
chapter  depend  as  will  have  been  seen  on  producing 
a  change  of  colour  or  tone  in  the  metallic  compound 
by  chemical  means.  We  have  now  to  describe  a  method 
which  depends  on  a  totally  different  principle. 

Investigations  made  by  Mungo  Ponton  in  1839 
revealed  the  fact  that  when  salts  of  chromium  were 
mixed  with  gelatine,  with  which  paper  or  other  material 
was  coated,  exposure  of  the  prepared  surface  to  light 
resulteo!  in  the  gelatine  being  hardened,  so  much  so 
indeed  as  to  resist  the  action  of  even  hot  water. 

Starting  from  this  fact  paper  coated  in  this  way 
was  exposed  under  a  negative,  and  it  was  then  found 
that  the  hardening  action  was  proportional  to  the 
amount  of  light  which  had  got  through  the  various 
parts  of  the  negative.  It  is  obvious  that  the  hardening 
action  would  be  the  greatest  in  the  parts  corresponding 
to  the  transparent  patches  on  the  negative  and  least 
where  the  negative  was  densest.  Thus  it  was  found 
that  if  the  print  so  obtained  was  washed  with  hot  water 
the  unaffected  portions  were  dissolved  away,  and  the 
picture  was  left  in  a  slight  relief. 

The  image  was,  however,  hardly  visible,  and  the 
early  experimenters  sought  to  make  it  so  by  mixing 
black  or  coloured  pigment  with  the  gelatine.  This  pig- 
ment dissolved  away  with  the  gelatine  where  the  latter 
was  soluble,  and  remained  held  where  the  gelatine  was 
hardened.  A  difficulty  was  met  with  in  the  circumstance 
that  the  light  did  not  penetrate  completely  through 
the  layer  in  the  denser  portions,  so  that  there  was 
64 
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a  soluble  layer  under,  which  dissolved  away  and  caused 
the  image  to  lift  off  the  paper.  Attempts  were  made 
to  overcome  this  trouble  by  exposing  from  the  back, 
but  it  was  not  until  J.  W.  Swan,  in  1864,  brought  for- 
ward a  process  of  transferring  the  film  that  the  carbon 
process  became  successful. 

Swan  coated  the  paper  with  pigmented  gelatine 
and  exposed  under  the  negative  as  usually,  but  instead 
of  proceeding  to  develop  the  paper  in  the  old  way,  he 
pressed  the  coated  side  on  to  another  surface-paper, 
glass,  porcelain  or  metal,  it  was  immaterial  which.  By 
pouring  hot  water  on  the  back  of  the  print  the  original 
paper  backing  was  released  and  stripped  off  through  the 
gelatine  next  the  paper  being  dissolved.  It  was  then 
possible  to  develop  the  print  from  what  was  originally 
the  back.  The  hardened  surface  being  next  the  support 
was  held  firmly,  whilst  the  soluble  portion  was  washed 
away  and  a  good  print  was  thus  developed. 

Two  methods  of  transfer  are  employed,  known  as 
"  single  "  and  "  double  "  transfer.  In  the  "  single  " 
transfer  process  the  transferred  image  remains  on  the 
transfer  paper  after  development.  The  only  disadvan- 
tage is  that  from  an  ordinary  negative  the  image 
is  reversed  from  left  to  right,  so  that  the  picture 
is  as  if  seen  in  a  mirror.  This  difficulty  can  be 
overcome  by  using  a  mirror  in  conjunction  with  the 
lens  when  taking  the  photograph,  so  that  the  lens 
receives  a  reflected  and  therefore  reversed  image  ;  or 
a  reversed  negative  can  be  made  from  the  original 
one  by  copying  in  a  transparency  camera,  the  negative 
being  turned  round  to  face  the  opposite  way  when  mak- 
ing the  transparency  from  which  the  final  negative  is 
made. 

The  first  method  is  not  convenient  in  the  case  of 
outdoor  photography,  and  the  second  method  is 
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a  roundabout  one.  Hence  a  method  was  adopted  of 
developing  on  a  temporary  support,  and  then  trans- 
ferring the  image  to  a  final  support.  If  this  final  support 
was  to  be  paper  or  any  other  flexible  material  it  was 
possible  to  use  glass,  opal,  or  metal  as  the  temporary 
support.  In  this  case  the  surface  was  waxed  so  as  to 
ensure  the  image  coming  away  easily  after  development . 
The  final  support  was  pressed  into  contact  with  the 
image  on  its  temporary  support,  allowed  to  dry  and  then 
stripped  off. 

Where  it  was  desired  to  transfer  the  image  to  a  rigid 
final  support,  such  as  ivory,  porcelain,  glass,  metal,  wood, 
etc.,  the  use  of  a  temporary  support  was  impracticable. 
For  such  work  the  "  double "  transfer  process  is 
used.  A  stout  paper  was  coated  with  insoluble 
gelatine,  so  as  to  stand  the  operations  of  developing 
the  image  on  it,  and  before  the  image  is  put  down  the 
surface  is  waxed  to  prevent  permanent  adherence. 
The  transfer  paper  after  development  is  pressed  into 
contact  with  the  final  support,  allowed  to  dry  and  then 
stripped  off. 

The  pigmented  paper  can  be  obtained  in  a  great 
variety  of  colours,  together  with  the  special  transfer 
papers,  from  the  Autotype  Co.,  who  were  the  original 
licensees  of  the  process,  and  who  have  perfected  and 
standardized  the  process  so  that  it  can  easily  be  worked 
even  by  amateurs. 

A  number  of  processes  having  some  similarity  to  the 
carbon  process  have  been  put  forward  from  time  to 
time,  but  without  coming  into  any  general  use.  These 
processes  are  based,  as  in  the  carbon  process,  on  the 
oxidising  action  of  the  chromium  salts,  and  the  principal 
advantage  claimed  is  that  they  can  be  worked  without 
transfer.  Such  methods  are  those  known  as  Gum 
bichromate,  Artigue,  Carbon  Velours,  and  Ozotype. 
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In  the  gum  bichromate  process  a  sheet  of  drawing  paper 
is  sensitized  by  immersion  in  a  solution  of  potassium 
bichromate,  and  dried.  It  is  then  coated  with  a  mixture 
of  gum  and  pigment,  and  exposed  under  a  negative. 
To  develop  the  print  it  is  floated  face  downwards  in 
a  deep  dish  of  cold  water,  which  has  the  effect  of  causing 
the  gum  and  pigment  to  soak  out  of  the  unexposed 
portions.  Development  may  take  hours  to  complete 
in  some  cases,  but  it  can  be  hastened  by  laving  with 
water  and  by  gentle  application  of  a  camel  hair  mop. 
The  print  is  fixed  with  a  solution  of  common  alum, 
or  with  hypo  or  sodium  sulphite.  The  method  is 
favoured  by  photographers  who  wish  to  produce  broad 
artistic  effects,  the  process  lending  itself  to  skilful 
manipulation. 

For  the  Artigue  process  the  paper  is  coated  with  a 
mixture  of  pigment  and  some  organic  substance,  and 
is  sensitized  with  potassium  bichromate.  Drying  and 
printing  is  done  as  in  the  usual  carbon  process,  but  the 
development  is  somewhat  unique.  A  mixture  of 
fine  sawdust  and  water  is  prepared,  and  this  is  poured 
from  a  jug  on  to  the  surface  of  the  print,  which  is  sup- 
ported on  a  sheet  of  glass.  The  idea  is  that  the  saw- 
dust picks  up  the  soluble  gelatine,  or  whatever  else  may 
be  the  colloidal  coating,  causing  it  to  leave  the  paper 
more  readily. 

In  the  Ozotype  process  the  ready  prepared  and 
sensitized  paper  after  exposure  under  a  negative  is 
immersed  in  a  dilute  gelatine  solution,  and  then  a  sheet 
of  pigmented  paper,  such  as  ordinary  carbon  tissue, 
after  immersion  in  a  solution  of  hydroquinone,  acetic 
acid  and  ferrous  sulphate,  is  squeegeed  down  on  to  it. 
The  two  are  allowed  to  dry  and  are  then  developed 
together  in  the  same  way  as  a  single  transfer  carbon 
print. 


68  PHOTOGRAPHY 

Another  method  having  an  analogy  to  the  carbon 
process  is  the  "  dusting-on  "  or  "  powder  "  process. 
The  sensitized  coating  is  a  bichromated  colloid,  usually 
gum  or  dextrine  which  is  mixed  with  sugar,  with  the 
object  of  producing  a  surface  which  will  be  sticky  in 
the  presence  of  a  slight  amount  of  moisture.  The  surface 
is  dry  and  hard  before  and  during  printing,  but  in  the 
damp  atmosphere  of  the  dark  room  soon  absorbs  moisture. 
The  absorption  is  proportional  to  the  action  of  the  light 
which  has  passed  through  the  negative.  Thus  in  the 
parts  which  have  not  been  acted  on  through  being  pro- 
tected by  the  opaque  parts  of  the  negative  the  film 
will  become  most  tacky  whilst  in  the  other  parts  the 
tackiness  will  be  in  a  varying  degree.  If  a  suitable 
powder  colour  is  lightly  brushed  over  the  surface  this 
powder  will  adhere  in  proportion  to  the  tackiness  and 
thus  a  picture  will  be  formed. 

A  process  of  this  kind  is  used  for  photo-ceramics, 
the  powder  employed  in  this  case  being  of  a  vitrifiable 
nature,  so  that  it  can  be  fired  into  the  porcelain  or  other 
material. 

One  other  process  should  be  mentioned  to  complete 
our  survey  of  the  methods  based  on  the  salts  of  chromium, 
viz.,  the  Oil  Process.  For  this  method  drawing  paper 
is  sized,  sensitized  with  a  bichromate  solution,  and  printed 
under  a  negative.  In  development  the  paper  is  soaked 
in  water,  the  surplus  blotted  off,  and  printing  ink  thinned 
down  with  oil  is  applied  by  dabbing  with  suitable  brushes. 
The  effect  is  that  the  ink  takes  to  the  print  in  proportion 
to  the  light  action  forming  the  tones  of  the  photograph. 


CHAPTER  X 

ENLARGING,    COPYING,   AND   LANTERN-SLIDE 
MAKING 

THE  matter  of  portability  of  the  apparatus  usually 
decides  the  question  of  the  largest  size  negative  it 
is  practicable  to  make  by  direct  exposure.  The  tendency 
of  late  years  has  been  to  make  comparatively  small 
sizes  of  negatives,  and  resort  to  enlarging  where  increased 
dimensions  were  desired. 

The  enlarging  may  either  take  the  form  of  making 
an  enlarged  negative,  and  printing  from  it  in  the  usual 
way  by  any  of  the  processes  already  described,  or  of 
making  an  enlarged  print  from  the  original  negative. 

The  process  of  enlarging  is  based  on  the  same  principles 
as  the  microscope  and  the  magic  lantern,  and  may 
perhaps  be  best  understood  by  considering  the  latter. 
If  a  slide,  which  is  usually  3J  in.  square,  is  put  in  the 
lantern  and  focussed  on  to  a  distant  screen  we  know  that 
we  obtain  an  enlarged  image.  The  degree  of  enlarge- 
ment depends  on  the  distance  of  the  screen  from  the 
lens. 

The  enlarging  lantern  is  practically  the  same  as  the 
optical  lantern  used  for  projecting  pictures,  with  the 
exception  that  the  stage  for  holding  the  slide  is  enlarged 
to  take  the  commonly  used  sizes  of  negatives,  and 
the  condenser  is  increased  in  size  to  cover  them,  whilst 
there  is  a  greater  degree  of  adjustment  of  the  projecting 
lens,  so  as  to  focus  it  at  the  proper  distance  from  the 
negative  to  serve  the  relatively  smaller  pictures  required 
in  photographic  enlarging  (Fig.  33). 

It  is  not  absolutely  necessary  to  have  a  projecting 
69 

6— (1462o) 


FIG.  33 
ENLARGING  LANTERN  BY  BUTCHERS 


FIG.  34 
CAMERA  ARRANGED  FOR  ENLARGING 
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lantern  for  enlarging.  A  rough  box  holding  the  negative 
at  one  end  and  an  ordinary  camera  lens  at  the  other 
may  be  placed  over  a  hole  in  a  window-shutter,  and 
so  project  the  image  into  the  darkened  room,  where 
it  can  be  received  on  the  sensi- 
tive paper  pinned  to  a  drawing 
board.  Such  an  arrangement 
would  have  the  drawback  of 
there  being  no  means  of 
focussing,  but  this  could  be 
remedied  by  a  little  ingenuity, 
say  by  having  two  boxes 
sliding  one  within  the  other. 

Still  better  is  it  to  make  a 
frame  to  enable  the  rear  end  of 
the  ordinary  outdoor  camera 
to  be  attached  in  front  of  a 
hole  in  the  window  shutter. 
Then  the  ordinary  focussing 
adjustment  of  the  camera  can 
be  used  (Fig.  34). 

When  it  is  desired  to  be  in- 
dependent of  daylight  the  box 
or  camera  may  be  attached  in 
front  of  some  form  of  lantern, 
or  placed  in  front  of  an  open- 
ing leading  to  another  room, 
where  the  light  for  illumination 
can  be  placed. 

A  condenser  is  not  a  necessity.  A  sheet  of  ground 
glass  placed  behind  the  negative  will  diffuse  the  light 
so  as  to  equalize  the  illumination,  the  only  drawback 
being  loss  of  light,  causing  longer  exposure. 

Various  means  can  be  employed  for  increasing  the 
illumination,  such  as  the  placing  of  a  suitable  reflector 


FIG.  35 
KODAK  DAYLIGHT 

ENLARGER 
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behind  the  negative  and  throwing  the  light  on  to  it 
instead  of  using  the  light  direct.  In  this  method  it 
is  best  to  have  two  lights,  one  on  each  side. 

For  amateur  work,  where  it  is  only  required  to  enlarge 
from  one  definite  size  to  another,  a  fixed  focus  enlarger 
can  be  used.  This  is  simply  a  tapering  box  at  one  end 
of  which  is  placed  the  small  negative  and  at  the  other, 
the  dark  slide  containing  the  sensitive  plate  or  paper 
to  receive  the  larger  size.  Inside  the  box  is  a  partition 
placed  at  a  suitable  distance  for  holding  the  lens.  This 
apparatus  is  often  called  a  "  daylight  enlarger,"  as 
it  is  generally  used  by  placing  it,  negative  end  upwards 
towards  the  sky  to  receive  illumination,  but  it  can 
equally  well  be  used  with  artificial  light  (Fig.  35). 

All  forms  of  artificial  light  can  be  used  for  enlarging, 
but  gas  or  electric  light  are  the  most  used  means. 
The  latter  is  preferable  by  reason  of  its  brilliancy  and 
uniformity,  but  quite  good  work  is  done  by  gas,  and  even 
oil  lamps  are  used  successfully  when  neither  gas  or  electric 
supply  is  available.  Oil  is,  however,  a  weak  and  trouble- 
some illuminant,  and  some  form  of  acetylene  light 
arrangement  is  usually  adopted  where  neither  electric 
light  nor  gas  is  obtainable. 

There  are  also  alcohol  vapour  lamps  which  are  quite 
efficient.  These  are  used  with  the  Welsbach  type  of  gas 
mantle,  and  the  alcohol  vapour  is  caused  to  ascend 
to  the  mantle  by  a  preliminary  heating  of  a  part  of 
the  apparatus  with  a  spirit  lamp.  The  vapour  can 
then  be  lighted  and  gives  the  necessary  heat  to  maintain 
the  mantle  in  a  state  of  incandescence. 

The  paper  used  for  enlarging  is  the  ordinary  kind 
of  bromide  paper  already  described  for  contact  printing. 
For  large  work  when  broad  treatment  is  desired  matt 
or  rough  surface  papers  are  used. 

It  has  not  been  found  practicable  to  enlarge  on  to 


ENLARGING,   COPYING,   ETC.  73 

Printing-out  or  Platinotype  papers  owing  to  their 
relative  slowness.  The  same  remark  applies  to  carbon 
tissue,  though  successful  enlargements  have  been  made 
on  it  by  using  a  very  powerful  electric  arc  light  and  by 
modifying  the  sensitizing  bath. 

Where    enlargements    are    desired    on    such    papers 
the  procedure  is  to  make  an  enlarged  negative.    This 


FIG.  36* 

TRANSPARENCY   CAMERA 

is  easily  done  by  using  a  dry  plate  in  place  of  the  bromide 
paper  and  giving  a  suitable  exposure. 

When  much  work  has  to  be  done  in  making  enlarged 
negatives  it  is  best  to  have  a  transparency  camera. 
This  is  practically  the  equivalent  of  two  cameras  placed 
end  to  end  (Fig.  36).  The  lens  is  between,  and  the  back 
of  one  camera  is  used  to  hold  the  negative  to  be  copied, 
whilst  the  other  holds  the  dark  slide  with  the  sensitive 
plate.  This  avoids  the  necessity  of  having  to  make 
the  exposures  in  a  dark  room. 

Enlargements  usually  require  some  retouching  or 
working-up,  as  faults  which  are  not  apparent  in  the 
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small  original  negative  become  glaring  in  the  enlargement. 
The  retouching  may  consist  merely  of  spotting,  which 
is  a  method  of  applying  water-colour  with  a  fine  brush 
to,  correct  small  specks  of  white  or  black  ;  or  it  may 


FIG.  37 
THE  AEROGRAPH 

be  elaborate  working  up  by  introducing  a  new  back- 
ground, strengthening  shadows,  or  increasing  the  brilli- 
ancy of  the  lights.  Such  working  up  is  generally  done 
professionally  by  means  of  the  Aerograph,  which  is 
an  instrument  for  spraying  water-colour  on  to  the  surface 
(Fig.  37).  The  spray  can  be  regulated  so  as  to  produce 
a  very  dark  or  very  light  effect,  and  parts  of  the  picture 
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where  no  alteration  is  required  can  be  marked  out  with 
tracing  paper  stencils. 

More  elaborate  retouching  may  be  done  with  crayons 
and  by  stumping  in  black  or  colour.  The  Aerograph 
may  also  be  used  for  applying  colour,  and  of  course 
the  colour  may  be  also  applied  by  brush  work. 

Enlarging  may  be  done  by  direct  copying  within 
certain  limits.  The  degree  of  enlargement  is  governed 
by  the  focus  of  the  lens,  and  the  extension  of  the  camera 
available.  To  copy  same  size  requires  a  camera  which 
will  extend  to  double  the  focus  of  the  lens,  for  twice 
the  size  three  times  the  focus,  for  three  times  the  size 
four  times  the  focus.  It  is  obvious,  therefore,  that 
for  any  considerable  degree  of  enlargement  the  camera 
would  become  unwieldy  on  account  of  the  length 
required.  Hence  it  will  be  seen  that  the  lantern  is 
much  more  convenient,  as  it  can  be  placed  any  distance 
away  from  the  sensitive  surface  that  the  dimensions 
of  the  room  will  allow. 

Copying  is  most  generally  used  for  same  size  repro- 
duction or  reductions.  It  can  be  done  with  the  ordinary 
landscape  camera,  provided  it  has  sufficient  extension 
(double  the  focus  of  the  lens  for  same  size  reproductions). 
Naturally  if  a  shorter  focus  lens  is  available  a  greater 
range  can  be  obtained,  provided  the  lens  will  cover 
the  plates.  It  is  difficult,  however,  with  an  ordinary 
camera  on  a  tripod  to  secure  parallelism  between  the 
copy  and  the  plate.  Various  expedients  such  as  levelling 
and  measuring  with  string  or  tape  may  be  adopted  to 
bring  about  the  desired  parallelism  but  it  is  best  accom- 
plished by  having  the  camera  arranged  to  run  between 
guides  on  top  of  a  bench,  and  a  copyboard  mounted 
on  an  easel  fixed  exactly  parallel  to  the  camera. 

For  large  work  very  rigid  cameras  and  copying  stands 
(Fig.  38)  are  made  in  which  every  provision  is  made  to 
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secure  parallelism  and  freedom  from  vibration,  which  is 
also  a  very  essential  condition  where  fine  detail  is  being 
copied. 

Copying  is  best  done  on  slow  plates.  There  are  plates 
made  specially  for  the  purpose,  known  as  "  process 
plates,"  and  these  give  a  very  clean  image  with  maximum 
density  and  freedom  from  grain.  Process  workers 
prefer  to  use  wet  collodion  for  copying,  being  cheaper 
and  giving  other  advantages  over  the  dry  plate. 


FIG.  38 
CAMERA  ON   COPYING  STAND 

Copying  may  be  done  in  good  daylight,  but  profession- 
ally it  is  preferred  to  use  electric  light,  the  best  arrange* 
ment  being  a  pair  of  arc  lamps,  with  suitable  reflectors, 
placed  at  each  side  of  the  copyboard.  For  occasional  work 
of  small  size  it  is  possible  to  use  the  light  of  burning 
magnesium  ribbon.  Incandescent  gas  or  acetylene  is 
also  suitable. 

The  development  of  the  negatives  in  copying  proceeds 
on  much  the  same  lines  as  for  ordinary  work,  except 
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that  it  is  desirable  to  use  a  non-staining  developer,  such 
as  metol  or  hydroquinone.  The  developer  must  be 
well  restrained  with  bromide.  Negatives  of  line  subjects 
where  great  clearness  and  sharpness  of  lines  and  density 
of  ground  is  necessary  are  cleared  with  ferricyanide 
and  hypo  reducer,  and  intensified  with  silver  cyanide. 

Lantern  slides  may  be  made  by  direct  contact  with 
the  original  negative,  if  the  latter  is  of  such  size  as  to 
come  within  the  dimensions  of  a  lantern  slide  (3J  X  3J 
in.)  For  negatives  of  larger  size  or  where  a  portion 
only  of  the  negative  is  required  on  the  lantern  slide 
the  transparency  camera  similar  to  that  already  des- 
cribed for  making  enlarged  negatives  is  used.  For 
lantern-slide  making  the  end  of  the  camera  which  holds 
the  negative  must  be  made  to  give  a  long  extension, 
as  it  is  often  necessary  to  considerably  reduce  the  image, 
and  this  requires  a  long  distance  from  the  lens. 

The  remarks  we  have  made  as  to  copying,  with  regard 
to  securing  parallelism,  the  illumination,  development, 
clearing  and  intensifying  apply  almost  equally  in  the 
case  of  lantern  slides,  but  it  should  be  added  that  special 
lantern  dry  plates  are  obtainable  and  should  be  used. 
It  is  possible  to  obtain  very  pleasing  effects  of  tint 
by  toning  the  slide  with  suitable  solutions.  Instructions 
furnished  with  the  plates  usually  give  formulae  for  toning. 

When  finished  the  transparency  is  bound  up  with 
a  cover  glass  by  means  of  gummed  paper  binding, 
so  as  to  secure  protection  in  handling. 

The  same  process  as  for  lantern  slides  can  be  applied 
to  the  making  of  transparencies  for  window  decoration. 

When  making  lantern  slides  and  transparencies  in 
the  camera,  the  illumination  of  the  negative  is  best 
obtained  by  indirect  illumination.  This  is  usually 
obtained  by  illuminating  a  white  surface  placed  behind 
the  negative.  It  is  best  to  use  two  arc  lamps  so  placed 
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that  one  lamp  is  on  each  side,  thus  securing  uniform 
illumination.  Where  it  is  not  possible  to  have  arc 
lamps  the  same  result  may  be  obtained  with  several 
incandescent  lamps,  or  even  with  incandescent  gas- 
burners.  High  power  types  of  the  latter  are  quite  efficient 
for  enlarging,  copying"and  lantern-slide  making,  and  are 
much  cheaper  to  run  than  electric  light. 


CHAPTER  XI 

COLOUR  PROCESSES 

IT  is  not  possible  in  the  space  of  a  single  chapter  to  do  more 
than  give  a  brief  outline  of  the  colour  processes  that 
have  survived  the  experimental  stage,  and  for  which 
the  materials  for  working  them  are  obtainable.  We  do 
not  describe  such  methods  as  the  Lippmann  interfer- 
ence process,  or  the  Wood  diffraction  method,  beautiful 
as  are  their  results,  because  the  means  for  working  them 
are  not  available  commercially. 

The  most  notable  colour  process  of  the  present  day 
is  the  Autochrome  process,  invented  by  the  Brothers 
Lumiere,  of  Lyons,  who  prepare  the  special  plates 
required.  These  plates  are  formed  with  a  colour  screen 
between  the  glass  and  the  emulsion.  The  method  of 
making  this  colour  screen  is  very  ingenious.  Starch 
granules,  as  far  as  possible  of  uniform  size,  are  dyed 
red,  green  and  blue  violet,  and  are  mixed  and  sifted 
on  to  a  glass  coated  with  a  tacky  varnish.  The  grains 
are  pressed  or  rolled  flat,  and  the  interspaces  filled 
with  a  black  pigment.  The  screen  plate  thus  formed 
is  coated  with  a  panchromatic  emulsion — that  is  an 
an  emulsion  which  is  sensitive  to  all  colours  in  an  almost 
equal  degree. 

The  plate  is  placed  in  the  dark  slide  so  that  the  glass 
side  faces  the  lens,  and  the  exposure  made  as  usual, 
though  the  time  is  relatively  longer  than  for  an  ordinary 
plate.  A  yellow  filter  is  employed  on  the  lens  to  retard 
the  excessive  action  of  the  blue  and  blue-violet  rays. 
Development  follows  on  the  usual  lines,  the  developer 
recommended  by  the  makers  being  employed.  As 
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the  plate  is  sensitive  to  all  colours,  and  would  therefore 
be  fogged  by  the  red  light  of  the  dark  room,  it  is  desirable 
to  develop  in  total  darkness,  though  a  feeble  green  light 
is  allowable  if  the  plate  is  exposed  as  little  as  possible 
to  it. 

When  the  development  is  finished  the  plate  is  rinsed 
and  then  immersed  in  what  is  termed  a  reversing  bath, 
which  dissolves  out  the  image  first  formed.  The  plate 
is  next  exposed  to  white  light,  and  then  redeveloped, 
when  the  image  shows  up  in  colour.  No  fixing  is  required. 
The  plate  is  simply  washed  and  dried.  On  examination 
by  transmitted  light  a  beautiful  transparency  in  colours 
is  seen,  provided  the  operations  have  been  carried  out 
successfully. 

Many  amateurs  have  obtained  excellent  results 
by  this  process,  and  it  has  been  applied  to  all  classes 
of  subjects,  including  portraiture  and  the  copying  of 
pictures.  The  plates  can  be  used  as  lantern  slides 
provided  a  sufficiently  powerful  light  is  used  in  the 
lantern. 

Another  method  which  has  come  into  considerable 
favour  is  the  Paget  process.  In  this  case  the  colour 
screen  is  separate  from  the  sensitive  plate,  and  consists 
of  small  square  elements  of  red,  green  and  blue  violet 
arranged  in  a  sort  of  plaid  or  chequer  pattern.  This 
screen  is  placed  in  the  dark  slide  in  front  of  a  panchromatic 
plate,  and  the  exposure  made  through  it,  a  yellow  filter 
being  used  in  conjunction  with  the  lens.  Development 
is  as  usual,  and  there  is  no  reversal  process  as  in  the 
case  of  the  Autochrome.  Instead  of  this  a  positive 
is  made  by  a  contact  exposure,  and  this  positive  is 
mounted  in  contact  with  what  is  termed  a  viewing 
screen,  which  is  similarly  patterned  to  the  taking  screen, 
but  is  differently  coloured.  The  positive  then  shows 
the  colours  of  the  object.  One  advantage  of  this  process 
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is  that  it  is  easily  possible  to  make  duplicate  colour 
transparencies  from  the  original  negative. 

The  Dufay  Dioptichrome  process  is  somewhat  similar 
in  principle  to  the  Paget,  but  the  screen  is  differently 
formed  (two  of  the  colours  being  in  parallel  lines  and  the 
third  colour  in  lines  at  right  angles  to  them),  and  is 


Opaque  Screen 


—1st  Series. 


-  1st  &  2-nd  Series 


-1st, 2nd  &  3rd 
Seines. 


FIG.  39 
THE   WARNER-POWRIE    SCREEN 


fitted  into  a  frame  which  allows  of  its  complete  registra- 
tion with  the  positive.  A  method  reversal  by  redevelop- 
ment as  in  the  Autochrome  process  is  adopted. 

In  the  Omnicolore  method  the  screen  plate  is  very 
similar  to  the  Dufay  in  the  arrangement  of  the  coloured 
lines.  In  this  process  also  there  is  a  reversal  of  the  image 
by  bleaching  and  redevelopment. 

The  Warner-Powrie  process  comprises  the  employment 
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of  a  screen  of  parallel  lines,  alternately  red,  green  and 
blue  (Fig.  39).  A  similar  kind  of  screen  is  used  in  the 
Krayn  process. 

A  number  of  colour  processes  are  based  on  what 
is  known  as  the  indirect  method.  In  this  case  three 
negatives  are  made  by  photographing  through  screens 
of  red,  green  and  violet,  either  simultaneously  or  by 
three  successive  exposures.  The  chief  condition  for 
success  in  this  case  consists  in  obtaining  the  three 
images  exactly  equal  in  size  and  from  the  same  point 
of  view,  so  that  they  will  register  when  superimposed. 

Taking  the  simplest  case  we  may  suppose  that  it 
is  possible  to  use  an  ordinary  camera  rigidly  fixed, 
with  three  dark  slides,  and  three  coloured  filters.  If 
the  exposure  is  made  on  a  still  life  object  the  filters 
and  dark  slides  may  be  changed  in  succession,  and  by 
using  panchromatic  plates  the  negatives  will  record  the 
primary  colour  elements  of  the  picture.  A  better  way 
than  having  three  separate  slides  is  to  have  a  triple  dark 
slide  which  carries  a  plate  long  enough  for  three  exposures, 
or  plates  side  by  side.  Through  the  blue-violet  filter  the 
colour  recorded  will  be  yellow;  with  the  green  filter 
red,  and  with  the  red  filter  blue.  If  we  can  now  make 
the  three  prints  in  these  colours  and  superimpose  them 
it  is  obvious  that  if  the  conditions  are  correct  we  ought 
to  get  a  blending  of  the  three  colours  to  produce  a 
composite  picture  in  natural  colours. 

The  simplest  way  of  attaining  this  result  would  appear 
to  be  by  means  of  three  transparent  coloured  films 
registered  together.  This  method,  invented  by  Ducos 
Du  Hauron  and  elaborated  by  F.  E.  Ives,  was  put  on 
the  market  by  Sanger  Shepherd. 

The  prints  are  made  by  exposing  in  contact  with 
the  original  negatives  celluloid  films  coated  with  bi- 
chromated  gelatine  containing  a  little  silver  bromide, 
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developing,  staining  to  suitable  colours,  and  super- 
imposing the  results.  These  are  used  as  transparencies 
or  lantern  slides. 

A  film  method  which  dispensed  with  the  necessity 
of  dyeing  the  prints  consisted  in  coating  transparent 
celluloid  with  pigmented  gelatine  as  in  the  carbon  process, 
the  prints  being  developed  with  warm  water  as  in  the 
latter  method.  These  films  are  not  we  believe  at  present 
or  the  market. 

It  is  possible  to  obtain  carbon  tissue  coated  with 
red,  yellow  and  blue  pigments.  This  can  be  exposed 
under  the  colour  negatives,  developed  on  a  temporary 
support  and  the  three  images  transferred  on  to  a  single 
glass  plate  in  superposition.  Good  results  have  been 
obtained  by  this  method. 

Another  way  is  by  the  Polychromide  process,  success- 
fully exploited  by  Mr.  A.  Hamburger,  and  used  by  him 
extensively  for  colour  portraiture.  The  three  negatives 
are  printed  on  to  a  special  kind  of  bromide  paper,  which 
is  developed  and  toned  by  special  chemical  treatment 
to  secure  the  three  colours.  The  first  print  is  the 
yellow  backing.  The  second  print  is  red,  and  is  trans- 
ferred on  top  of  the  first  ;  the  paper  being  drawn 
away.  The  third  print  is  blue  and  the  film  is  transferred 
to  a  sheet  of  glass.  The  yellow  print  with  the  red  film 
superposed  on  it  is  laid  in  register  on  the  blue  film, 
and  forms  the  final  support  for  the  two  other  prints,  the 
blue  film  being  brought  away  from  the  glass.  Thus 
a  print  on  paper  is  obtained. 

A  great  many  efforts  have  been  made  to  evolve  a 
reliable  method  of  making  colour  prints  on  paper, 
but  it  cannot  be  said  that  there  is  any  really  successful 
method. 

The  brothers  Lumi&re  worked  out  a  process  by  which 
these  prints  were  made  from  the  respective  colour 
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negatives  on  to  bichromated  gelatine  coated  on  paper 
which  is  previously  made  non-expansive  by  a  preliminary 
coating  of  collodion  and  spirit  varnish.  This  ensures 
against  the  danger  of  the  images  not  registering  owing 
to  unequal  expansion  of  the  paper.  After  exposure 
the  films  are  transferred  to  a  temporary  glass  support 
and  developed  with  warm  water  as  in  the  carbon  process. 
The  gelatine  reliefs  thus  obtained  are  stained  with 
suitable  dyes.  The  films  have  finally  to  be  transferred 
one  over  the  other  and  in  register  on  to  a  final  paper 
support.  This  is  by  no  means  easy,  and  the  process 
has  consequently  not  been  applied  much  to  the  produc- 
tion of  paper  prints,  though  excellent  transparencies 
on  glass  have  been  made. 

Messrs.  Sanger  Shepherd  &  Bartlett  patented  a  process 
for  obtaining  prints  on  paper  by  taking  three  celluloid 
films  prepared  and  dyed  as  for  the  transparency  process 
already  described,  and  whilst  the  films  are  still  damp 
bringing  them  into  contact  with  a  soft  gelatine  film 
on  paper.  The  dye  is  sucked  out  of  the  film  into  the 
paper,  and  an  image  is  thus  left  on  the  latter.  A  second 
and  third  film  are  laid  down  successively  in  register, 
and  the  final  result  will  be  a  combination  print  of  the 
three  coloured  images. 

The  Pinatype  process  achieved  some  popularity, 
having  the  merit  that  the  colours  in  the  final  result 
are  all  on  the  same  principle  as  the  Sanger  Shepherd 
&  Bartlett  process  just  described,  but  instead  of  making 
the  three  prints  on  paper  they  are  made  on  glass  plates 
coated  with  bichromated  gelatine.  Three  of  these 
print  plates  are  made,  and  suitably  dyed;  then  a  piece 
of  damp  gelatined  paper  is  brought  successively  into 
contact  with  the  glass  plates  so  that  the  dye  is  absorbed 
from  them.  The  chief  condition  for  success  is  to  secure 
the  three  prints  being  in  register  on  the  final  support. 
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A  process  which  may  eventually  come  to  the  front 
for  paper  prints,  though  it  has  not  so  far  been  very 
successful,  is  known  as  the  bleaching-out  method, 
patented  by  Jan  Szczepanik,  of  Vienna.  Paper  is  coated 
with  three  dyed  films  one  over  the  other,  the  resulting 
appearance  of  the  surface  being  black.  This  paper  is  ex- 
posed under  a  coloured  transparency  and  the  effect  is 
that  the  colours  on  the  paper  are  successively  bleached 
out,  leaving  only  those  which  constitute  the  picture.  To 
understand  the  action  better,  suppose  the  uppermost 
layer  is  blue,  the  layer  beneath  it  red,  and  the  layer  next 
the  paper  yellow.  If  the  action  of  the  light  is  such  as 
to  bleach  away  the  blue  layer  in  parts,  such  parts  will 
reveal  the  red  and  yellow  films  and  their  combination 
will  produce  orange.  If  the  action  is  such  as  to  bleach 
away  both  the  blue  and  the  red  the  resulting  colour 
will  be  yellow.  Other  colours  will  be  produced  by 
mixtures  due  to  more  or  less  bleaching. 

Various  processes  have  been  proposed  for  producing 
colour  prints  on  bromide  paper  by  successive  develop- 
ment or  toning.  In  this  way  it  has  been  found  possible 
to  obtain  pictures  of  crude  colour,  giving  in  a  landscape 
green  grass,  a  blue  sky,  and  brownish  tree  shadows. 
Such  processes  have  not  proved  reliable,  but  have 
lent  themselves  to  some  "  faked "  colour  work,  the 
tints  having  been  produced  probably  by  local  treatment. 

A  promising  method  of  recent  introduction,  and  for 
which  the  materials  are  on  the  market  is  the  Raydex 
process.  The  first  step  is  the  production  of  three 
separate  colour  negatives  through  red,  green  and  blue 
filters.  Positive  prints  on  bromide  paper  are  made 
from  these  negatives,  and  then  what  are  termed  "  Colour 
sheets  "  are  squeegeed  into  contact  with  them.  After 
remaining  in  contact  for  about  15  minutes  the  colour 
sheets  are  stripped  off  the  bromide  prints  and  applied 
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to  waxed  celluloid  supports  ;  then  they  are  placed 
in  hot  water  when  the  paper  backing  can  be  stripped  off, 
and  all  the  gelatine  that  has  not  been  rendered  insoluble 
by  the  silver  bromide  gradually  dissolves  away.  When 
development  is  complete  the  positives  are  set  aside 
to  dry.  It  now  only  remains  to  combine  the  three 
positives  into  a  finished  picture.  This  is  done  by  soaking 
the  positives  and  squeegeeing  to  contact  with  a  transfer 
paper.  The  yellow  print  is  put  down  first,  and  the 
celluloid  support  stripped  off.  The  red  and  blue  positives 
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FIG.  40 
THE   BUTLER  COLOUR  CAMERA 

are  successively  applied  in  a  similar  way.  Thus  the 
final  coloured  picture  is  obtained. 

Numerous  forms  of  special  cameras  for  the  three- 
colour  processes  have  been  devised,  aiming  at  the  idea  of 
making  the  three  exposures  simultaneously.  Some  achieve 
this  result  by  mirrors,  others  by  prisms  diverting  the 
images  in  different  directions.  A  good  type  of  the 
mirror  camera  is  that  by  Butler  here  illustrated  (Fig.  40). 
Prism  cameras  have  not  got  beyond  the  experimental 
stage. 

Mr.  F.  E.  Ives  has  devised  several  forms  of  cameras, 
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notably  the  Kromskop,  and  has  also  exploited  numerous 
colour  processes.  His  latest  seems  the  most  promising. 
Briefly  stated  it  consists  in  placing  in  the  path  of  the 
rays  from  the  lens  a  mirror  inclined  at  45°.  This  mirror 
is  semi-transparent,  so  that  whilst  reflecting  the  light  in 
one  direction  it  transmits  light  in  another.  Thus  two 
images  are  obtained,  one  representing  the  red  and  the 
other  the  green  component.  By  placing  a  film  in  front 
of  one  of  the  plates,  a  third  (blue)  component  is  obtained. 
These  negatives  are  used  for  producing  stained  films. 

An  ingenious  method,  based  on  an  idea  first  proposed 
by  Ducos  du  Hauron  in  1862,  and  more  recently  revived 
by  W.  Bennett o,  consists  in  having  a  camera  with  a 
single  reflector  inclined  at  an  angle  of  45°,  this  reflection 
being  transparent  but  tinted  red.  One  plate  is  at  the 
back  opposite  to  the  reflector,  so  that  it  receives  the 
direct  image  through  the  reflector,  whilst  at  the  top 
(or  bottom,  it  is  immaterial,  depending  on  the  way  the 
reflector  is  inclined)  are  two  plates  or  a  film  and  plate 
placed  with  their  coated  sides  in  contact  with  each 
other.  The  image  is  reflected  from  the  surface  of  the 
reflector,  and  the  first  plate  or  film  is  sufficiently 
translucent  to  allow  the  light  action  to  penetrate  to  the 
plate  underneath.  Thus  three  negatives  are  obtained 
with  one  exposure.  This  method  has  been  further 
developed  by  O.  Pfenninger  and  others,  and  would  be 
a  most  effective  way  of  obtaining  colour  negatives  if 
plates  of  the  right  colour  sensitiveness  could  be  obtained 
commercially  for  the  purpose. 


CHAPTER  XII 

SCIENTIFIC  APPLICATIONS  OF  PHOTOGRAPHY 

ONE  of  the  earliest  applications  of  photography  to 
science  is  its  utilization  as  an  aid  to  astronomical  observ- 
ations. Even  in  the  earliest  days  of  photography  when 
only  the  wet  collodion  process  was  available  most 
interesting  and  useful  photographs  of  eclipses  and 
other  celestial  phenomena  were  obtained,  as  well  as 
photographic  charts  of  the  heavens.  Since  the  introduc- 
tion of  the  dry  plate,  and  owing  to  the  progressive 
improvements  in  its  sensitiveness  the  achievements 
of  photography  in  astronomical  researches  have  been 
more  and  more  remarkable. 

The  method  of  making  photographic  observations 
is  quite  simple.  The  camera  occupies  the  place  of  the 
eyepiece  of  the  telescope,  and  it  is  fixed  for  parallel 
rays,  in  other  words,  the  camera  lens  is  focussed  for 
infinity,  and  it  is  placed  so  that  it  is  one  or  two  focal 
lengths  away  from  the  image  formed  by  the  telescope 
objective.  The  position  is  obtained  by  means  of  a 
telescope  finder,  which  is  a  smaller  telescope  attached 
to  the  larger  one.  Except  for  photographing  the  sun 
and  moon  the  fastest  plates  obtainable  are  preferable 
so  long  as  they  do  not  give  a  too  prominent  grain, 
which  is  characteristic  of  fast  plates.  In  photographing 
stars  and  the  very  distant  planets  whose  light  is  relatively 
feeble  the  exposures  may  extend  to  hours.  If  the 
telescope  with  its  camera  attachment  were  kept  stationary 
the  images  on  the  plate  would  be  lines  instead  of  dots, 
due  to  the  earth's  rotation.  Clockwork  mechanism  is, 
therefore,  employed  to  rotate  the  telescope  and  its 
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camera  at  an  equal  angular  rate  in  the  same  direction  as 
that  in  which  the  celestial  bodies  are  apparently  moving. 

Development  follows  on  the  usual  lines  of  ordinary 
photography,  clear  crisp  negatives  being  the  aim, 
and  for  the  positive  copies  either  prints,  transparencies 
or  lantern  slides  are  made. 

Spectro  photography  is  largely  employed  for  astron- 
omical observation,  and  colour  sensitive  plates  are 
employed  where  accurate  colour  records  are  important. 

The  spectrograph  is  employed  in  many  other  depart- 
ments of  science,  and  has  come  to  be  regarded  as  a 
very   reliable    method 
of     observation.        In 
particular    it    is    used 
largely  in  metallurgical 
and  chemical  research, 
revealing     phenomena 
that  would  be  invisible 
to  the  naked  eye. 

Any  form  of  spec- 
troscope may  be  em- 
ployed for  spectro- 
photography  by  suit- 
ably attaching  a  camera 
in  place  of  the  eyepiece.  The  direct  vision  spectroscope 
is  most  simply  applied,  as  in  this  case  the  axial  line  of 
the  camera  is  simply  a  prolongation  of  the  axis  of  the 
spectroscope,  and  the  latter  takes  the  place  of  the  camera 
lens,  though  if  a  lens  is  used  the  lines  are  sharper. 
The  length  of  the  spectrum  band  is  controlled  solely  by 
the  extension  of  the  camera  when  no  lens  is  used. 

With  the  ordinary  form  of  table  spectroscope  where 
collimator  tube  and  telescope  swing  round  a  central 
axis  it  is  best  to  replace  the  telescope  by  a  light  camera. 
It  is  essential  with  all  but  the  direct  vision  spectroscopes 
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to  arrange  for  swinging  the  plane  of  the  plate  so  as  to 

briner  the  violet  end  of  the  image  nearer  the  lens  than 

the  red,  because  of 
the  difference  in  focus 
of  the  respective 
colours. 

A  drawback  to  the 
use  of  prismatic  spec- 
troscopes is  the  uneven 
dispersion,  the  red 
and  yellow  being 
cramped  up  and  the 
blue  and  violet  much 
more  extended.  It  is 
accordingly  found 
better  to  employ  for 
most  photographic 
work  a  spectrum 
produced  by  means 
of  a  diffraction  grating. 
This  gives  a  more 
even  dispersion  of  the 
respective  colours. 

The  principle  of  the 
direct  vision  spectro- 
scope is  combined  with 
the  advantages  of  the 
diffraction  spectro- 
scope in  the  Tallent 
Spectroscope  camera 
FIG.  42  (Fig.  41),  in  which  a 

PHOTO-MICROGRAPHIC  APPARATUS  transparent  replica  of 

the  grating  is  mounted 

on  a  prism  so  as  to  bring  the  angle  of  diffraction  into 

line  with  the  axis  of  the  camera. 
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The  most  perfect  form  of  spectrographic  arrangement 
consists  in  the  employment  of  a  concave  grating,  the 
lines  being  ruled  on  a  mirror-like  surface  of  speculum 
metal.  It  is  not  then  necessary  to  use  a  lens  as  the 
concave  mirror  forms  the  image.  All  the  drawbacks 
due  to  absorption  of  the  ultra  violet  by  the  glass  of 
lenses  and  prism  are  thus  obviated  and  a  finer  spectrum 
is  obtained. 

In  all  forms  of  spectrographic  cameras  it  is  usual 
to  have  an  arrangement  for  shifting  the  dark  slide 
by  steps,  so  that  a  number  of  exposures  can  be  made 
on  one  plate  for  comparison. 

Photo-micrography  has  been  developed  to  a  high 
degree  of  perfection,  and  has  proved  an  invaluable 
aid  to  scientific  investigation,  especially  in  medical 
work  and  biological  research.  It  can  be  worked  on 
quite  a  simple  scale  by  the  amateur  possessing  but  a 
student's  microscope,  or  on  the  most  pretentious  scale 
with  highly  elaborate  apparatus  of  extreme  precision. 

In  its  most  elementary  form  the  photo-micrographic 
apparatus  may  consist  of  a  camera  and  microscope 
attached  to  each  other.  The  microscope  is  brought 
to  a  horizontal  position,  the  camera  lens  removed  and 
the  eye  end  of  the  miscroscope  inserted  in  the  aperture 
previously  occupied  by  the  lens  of  the  camera.  Light 
must  be  excluded  from  the  connection  by  means  of  a 
dark  cloth  thrown  over  it,  or  by  any  other  suitable 
means.  The  slide  is  fixed  in  the  stage  of  the  microscope 
and  illuminated  in  the  usual  way.  The  image  is 
formed  on  the  ground  glass  screen  of  the  camera 
with  any  desired  magnification  that  the  length  of  the 
camera  bellows  will  allow.  Naturally  the  bellows  must 
be  drawn  out  more  and  more  as  the  magnification  is 
increased. 

For  high-power  work  more  elaborate  apparatus   is 
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necessary  (Fig.  42).  The  base  connection  must  be  very 
rigid  ;  a  long  rod  connection  to  focus  the  microscope 
whilst  watching  the  image  on  the  ground  glass  is  requisite 
as  the  microscope  pinion  may  be  out  of  reach  ;  a  more 
powerful  light  and  a  substage  condenser  are  requisite 
to  secure  better  illumination  ;  a  highly  corrected 
objective  and  a  projection  eye-piece  -are  necessary, 
and  colour  niters  may  be  employed  to  advantage  in 
some  kinds  of  work.  For  opaque  objects  arrangements 
must  be  made  for  illuminating  by  means  of  a  reflector. 
Most  modern  books  on  photo-micrography  now  describe 
the  best  forms  of  apparatus  and  the  procedure  for  this 
work. 

Radiography,  or  X-Ray  photography,  does  not  require 
any  of  the  usual  photographic  apparatus.  There 
being  no  way  of  bringing  X-rays  to  a  focus  the  images 
produced  on  the  photographic  emulsion  are  merely 
shadows  of  the  objects.  In  medical  work,  for  which 
the  X  ray  method  is  chiefly  used,  the  patient  is  usually 
placed  on  a  special  couch,  under  which  is  the  X-ray 
tube  for  producing  the  illumination.  The  tube  is 
placed  in  a  box  with  an  opening  towards  the  patient, 
and  the  box  runs  on  wheels  or  slides  so  that  it  can  be 
brought  to  any  desired  position  (Fig.  43).  Special  dry 
plates  with  extra  thick  and  highly  sensitive  films  are  used, 
and  these  are  contained  in  light-tight  envelopes  which 
are  placed  on  the  body  of  the  patient  in  a  position 
opposite  the  X-ray  tube,  the  film  side  towards  the  rays. 
Intensifying  screens  are  used  for  the  purpose  of  shorten- 
ing the  exposure.  These  screens  are  coated  with  some 
substance  giving  a  white  or  violet  fluorescence.  The 
coated  side  of  the  screen  is  in  contact  with  the 
sensitive  film  of  the  dry  plate,  which  is  then  exposed 
with  its  glass  side  facing  the  rays. 

Another  valuable  application  of  photography  has  been 


. 


FIG.  43 
PHOTOGRAPHING    BY    X-RAYS 
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in  relation  to  the  study  of  natural  history  subjects,  and 
in  this  connection  effective  use  has  been  made  of  the 
telephoto  lens  by  means  of  which  photographs  of  birds 
and  animals  have  been  obtained  in  their  natural  sur- 
roundings. The  operator  has  been  able,  from  a  long 
distance  away,  to  secure  from  observation  the  most 
life-like  pictures  of  birds  in  their  nests  in  the  most 
inaccessible  places.  The  telephoto  lens  has  provided 
the  photographer  with  the  equivalent  of  a  telescope, 
but  with  the  additional  advantage  over  the  latter 
instrument  of  being  able  to  secure  a  permanent  record. 


CHAPTER  XIII 

CINEMA-PHOTOGRAPHY 

THE  camera  used  for  taking  negatives  for  cinematograph 
projection  is  in  its  fundamental  principle  no  different 
from  the  ordinary  roll-film  camera,  and  it  is  conceivable 
that  if  a  succession  of  pictures  with  the  same  point 
of  view  were  taken  in  quick  succession  with  the  ordinary 
film  camera  the  result  would  be  roughly  equivalent 
to  a  cinematograph  film.  It  is  not,  however,  possible  to 
make  the  necessary  exposures  and  changes  of  film  by 
hand  quick  enough  to  convey  the  appearance  of  motion, 
as  it  is  necessary  that  the  exposures  should  be  made 
at  the  rate  of  16  a  second,  and  each  individual  photograph 
requires  an  exposure  of  from  -fa  to  Tt7tr  second. 

The  cinema  camera,  accordingly,  is  provided  with 
a  special  shutter  mechanism,  and  an  arrangement 
for  unwinding  and  rewinding  the  film  simultaneously 
with  each  exposure.  The  lens  must  be  a  rapid  one, 
usually  working  at  about  F/6,  and  as  it  only  has  to  cover 
a  very  small  area  of  film  the  focus  is  short,  generally 
varying  from  \\  to  4  in. 

Focussing  in  the  ordinary  sense  cannot  be  done.  The 
distance  the  object  will  be  in  focus  is  estimated  and  the 
position  on  the  film  obtained  by  means  of  a  finder. 
Some  cameras  are,  however,  fitted  with  a  small  opening 
at  the  back  enabling  the  operator  to  focus  on  the  film 
while  it  is  stationary,  the  opening  being  closed  when  the 
focussing  has  been  done.  For  greater  convenience  the 
opening  is  sometimes  at  the  side,  the  image  being 
diverted  by  means  of  a  right -angle  prism.  Figs.  44,  45, 
show  the  Williamson  cinematograph  camera. 
95 


FIG.  44 
WILLIAMSON  CINEMA  CAMERA 


FIG.  45 
MECHANISM  OF  WILLIAMSON   CINEMA   CAMERA 
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The  exposed  film  is  wound  on  a  large  frame  01  drum 
for  developing,  which  operation  is  done  in  large  tanks. 
After  developing  and  fixing  the  film  is  rewound  on  to 
large  drums  revolving  in  hot  air  chambers. 

When  dry  the  negative  film  is  run  through  the  printing 
machine,  in  contact  with  a  sensitive  film.  The  arrange- 
ments of  the  printing  machine  are  somewhat  similar 
to  those  of  the  taking  camera,  but  there  is  an  unwinding 
and  rewinding  apparatus  for  both  the  negative  film  and  the 
positive  film  and  both  go  past  the  lens  together.  The 
illuminant  shines  through  the  lens  and  then  through 
the  negative  films,  the  shutter  being  set  to  make  the 
intermittent  exposures.  When  the  film  has  been  passed 
through  it  is  developed,  fixed,  washed  and  dried  as  the 
negative  film.  It  is  then  ready  to  be  exhibited. 

Numerous  efforts  have  been  made  to  reproduce 
and  project  the  natural  colours  of  objects  by  the  cinema- 
tograph, but  so  far  only  one  method  has  proved 
successful,  that  known  as  Kinemacolour.  It  is  based 
on  the  use  of  colour  filters,  but  only  two  filters  are 
used  instead  of  three  as  called  for  by  the  theory  of  colour 
reproduction.  The  filters  are  red  and  green,  and  the 
blue  filter  is  considered  unnecessary  as  the  green  filter 
transmits  a  considerable  amount  of  blue  light.  The 
pictures  accordingly  show  blue  sky  and  water  besides 
black  and  white.  The  camera  resembles  an  ordinary 
cinematographic  camera,  but  is  fitted  with  a  rotating 
colour  filter -holder  in  front  of  the  lens.  This  holder 
is  wheel-shaped,  and  has  two  open  segments  filled 
with  the  colour  filters,  which  are  of  dyed  gelatine, 
whilst  the  other  two  segments  are  open  so  that  they 
shut  off  the  light  between  the  successive  exposures. 
The  machine  is  so  geared  that  the  exposures  are  made 
alternately  through  the  red  and  green  filter,  at  the  rate 
of  thirty-two  images  per  second  instead  of  sixteen  as  in  the 
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ordinary  cinema  camera.  The  negative  film  shows  no 
colour;  there  is  simply  a  difference  of  tones  in  the  two 
images.  This  negative  film  is  printed  from  in  the  usual 
way,  and  the  positive  film  likewise  shows  no  colour. 
The  projecting  apparatus  is  provided  with  a  rotating 
colour  filter -holder  similar  to  that  on  the  taking  camera. 
Fig.  46  shows  the  projecting  arrangements.  A  is  the  arc 
light,  B  the  lantern,  C  the  condenser,  D  the  film  with 

green  and  red  images 
alternating,  L  the 
projecting  lens,  G 
and  R  the  green  and 
red  segments  of  the 
shutter,  and  S  S  the 
opaque  segments. 
About  a  third  of 
the  red  segment  is 
covered  with  a  seg- 
ment of  green,  with 
the  object  of  obtain- 
ing balance  of  the 
green,  since  red  is 
KINEMATOGRAPH  PROJECTOR  more  vivid  to  the  eye 

than  green.  The  over- 
lapping segment  of  green  has  to  be  nicely  proportioned  in 
size,  and  this  is  shown  to  be  attained  when  the  revolving 
disc  transmits  to  the  screen  a  neutral  white,  due  to  the 
perfect  mixture  of  the  two  colours.  On  the  film  being 
run  through  the  result  is  that  when  a  picture  taken 
through  the  green  filter  is  opposite  the  lens  it  will  be 
projected  as  a  green  image,  but  as  the  red  image  instantly 
follows  persistence  of  vision  causes  the  eye  to  see  the 
two  images  fused  into  one,  with  the  result  that  the 
picture  on  the  screen  shows  not  only  red  and  green, 
.but  complementary  colours  intermixed  with  many 
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other  hues  resulting  from  the  blending  of  varying  pro- 
portions of  red  and  green.  The  eye  does  not  notice 
the  absence  of  a  blue  image  ;  thus  the  complete  natural 
colour  effect  is  obtained.  The  results  are  not  perfect, 
but  the  process  is  a  most  successful  compromise. 

The  ideal  colour  cinematograph  process  has  yet  to 
be  evolved,  but  many  inventors  are  at  work  on  it. 
Probably  it  will  take  the  form  of  running  three  films 
simultaneously,  so  as  to  secure  the  red,  green  and 
blue  image  respectively  ;  then  projecting  these  three 
images  so  that  they  blend  on  the  screen.  This  has 
been  accomplished  very  effectively  for  stationary  images 
by  F.  E.  Ives  in  his  Photochromoscope,  but  so  far  it 
has  not  been  possible  to  accomplish  the  same  result 
with  equal  success  with  moving  films.  The  optical 
and  mechanical  difficulties  in  the  way  are  very  great. 

Attempts  to  apply  the  principle  of  the  Autochrome 
and  the  Paget  system  of  colour  photography  to  the 
cinema  film  have  met  with  no  success,  probably  owing 
to  the  difficulty  of  preparing  the  colour  screen  on  the 
film.  The  Warner-Powrie  method  of  using  a  screen 
of  parallel  stripes  of  red,  green  and  violet  came  near  the 
attainment  of  practical  application. 

Undoubtedly  the  problem  will  eventually  be  solved, 
and  pictures  in  colour  will  then  take  the  place  of  the 
monochrome  photographs  now  projected  in  the  cinema 
theatres. 


CHAPTER  XIV 

PHOTO-MECHANICAL  PROCESSES 

UNDER  the  above  heading  are  distinguished  a  large 
number  of  processes  which  are  based  on  photographic 
action,  but  which  are  distinguished  from  "  pure  " 
photography  in  the  fact  that  they  are  used  not  for 
preparing  actual  photographs,  such  as  are  obtained 
on  paper  or  other  substances  by  the  action  of  light 
alone,  but  as  a  means  of  preparing  printing  surfaces 
from  which  many  impressions  can  be  made 
mechanically  without  any  further  assistance  from  light 
action. 

In  many  of  these  processes  the  photographic  image 
is  made  capable  of  yielding  impressions  in  greasy  printing 
inks  by  typographic  or  lithographic  methods,  but 
there  are  some  processes  in  which  the  use  of  a  greasy 
ink  is  not  necessary,  and  yet  which  are  classed  as  photo- 
mechanical. We  may  instance  Woodburytype  as  one 
such  method. 

One  characteristic  is  common  in  all  these  photo 
mechanical  processes,  viz.,  that  their  starting  point 
is  generally  the  action  of  light  on  a  bichromated  colloid. 
The  only  important  exception  is  the  bitumen  process, 
the  oldest  of  photographic  methods. 

Niepce  when  experimenting  with  bitumen  of  Judea 
on  metal  plates,  found  that  the  image  obtained  by  the 
action  of  light  was  resistive  of  acids.  Consequently 
he  deduced  that  if  the  image  could  be  formed  of  lines, 
dots  or  patches  of  asphaltum  it  would  be  possible  to 
etch  the  bare*  metal  between  in  order  to  produce  the 
relief  necessary  to  enable  the  plate  to  be  used  as  a 
printing  surface. 

In  carrying  out  this  idea  Niepce  coated  pewter  plates 
100 
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with  asphaltum  dissolved  in  some  suitable  solvent 
which  would  evaporate  and  leave  the  surface  dry;  then 
exposed  the  plate  under  a  print  or  other  object  .which 
would  act  as  a  stencil  protecting  some  parts  of  the  plate, 
whilst  allowing  the  light  to  act  on  the  other  parts. 
The  effect  of  the  light  was  to  so  harden  the  ^exposed 
parts  that  they  were  not  dissolved  when  the  plate  was 
flowed  with  turpentine  or  some  other  solvent  of  bitumen. 
In  this  way  a  negative  image  was  obtained  on  the  metal 
plate  if  the  exposure  had  been  made  through  a  print 
of  black  lines.  This  image  being  etched,  the  bare  metal 
corresponding  to  the  black  lines  of  the  print  were 
deepened,  until  the  plate  corresponded  to  one  of  the 
engraved  copper  plates  from  which  address  cards  are 
printed.  The  sunk  lines  were  filled  with  ink,  a  piece  of 
damp  paper  laid  down  on  the  surface  and  the  plate  run 
through  a  copperplate  press.  The  result  was  a  fac-simile 
of  the  original  print. 

If  the  image  was  wanted  for  printing  on  the  lithographic 
or  typographic  press  it  was  necessary  to  get  a  positive 
image  on  the  stone  or  plate  instead  of  the  negative 
image  which  Niepce  obtained  by  using  the  original 
print  as  a  positive.  The  process  of  photography 
solved  this  difficulty,  for  when  negatives  were  as  a 
matter  of  course  produced  in  the  camera  it  was  only 
necessary  to  print  through  the  negative  on  to  the  plate 
and  get  a  positive  image. 

A  great  deal  was  done  with  the  bitumen  process  in 
the  early  days  of  photography,  and  some  excellent 
work  was  accomplished  both  on  the  lithographic  stone 
and  on  zinc  and  copper  plates,  but  its  great  drawback 
was  extreme  slowness,  and  only  in  countries  where  strong 
sunshine  prevailed  was  the  process  a  success.  In  England 
exposures  of  several  hours  with  bitumen  have  only 
resulted  in  failures. 

8— (1462o) 
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A  great  step  forward  in  photo-mechanical  processes 
was  made  by  the  discovery  of  Mungo  Ponton  that  a 
gelatine  or  similar  colloid  film  treated  with  bichromate 
was  hardened  by  the  action  of  light,  just  as  bitumen 
was  hardened.  It  was  only  necessary  to  expose  under 
a  negative  to  get  a  hardened  image,  and  on  washing 
with  water  the  other  parts  washed  away.  The  image 
was  not  hard  enough  to  withstand  the  action  of  acids 
as  in  the  case  of  bitumen,  but  a  compromise  was  dis- 
covered. It  was  found  that  if  the  surface  after  exposure 
was  coated  thinly  with  a  greasy  ink,  the  portions  which 
were  soluble  would  carry  the  ink  away  in  the  parts  to 
remain  white  when  the  print  was  washed  with  water. 

In  applying  this  idea  paper  was  coated  with  bichrom- 
ated  gelatine  exposed  under  a  negative,  inked,  developed 
by  washing  away  the  soluble  gelatine  with  water,  and 
thus  was  obtained  a  print  of  ink  lines  on  paper.  This 
was  used  as  a  transfer  and  applied  to  lithographic  stone 
or  zinc  by  running  through  a  press  ;  the  ink  was  thereby 
left  on  the  stone  or  zinc  and  could  be  printed  from  in 
the  usual  lithographic  manner.  This  is  the  transfer 
process  of  photo-lithography. 

Later  it  was  found  that  the  paper  transfer  could  be 
dispensed  with,  the  stone  or  zinc  being  sensitized  with 
bichromated  gelatine,  or  albumen  preferably,  and 
printed  on  to  direct  through  a  negative.  This  method 
was 'not  found  very  practicable  in  the  case  of  stone, 
because  of  the  weight  and  cumbrous  character  of  the 
material,  but  direct  printing  on  zinc  is  most  extensively 
used  at  the  present  day  for  lithography,  and  the  same 
method  has  been  applied  to  aluminium. 

Out  of  this  process  grew  that  of  zinc  etching.  Gillot, 
a  Parisian  lithographer,  found  that  if  an  ink  print  was 
made  on  to  zinc  either  by  transfer  or  direct,  and 
strengthened  by  dusting  with  finely  powdered  resin 
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which  was  incorporated  with  the  ink  by  applying  heat, 
the  plate  could  be  etched  into  relief  by  means  of  nitric 
acid.  A  difficulty  at  first  was  that  as  the  lines  were 
etched  into  relief  the  acid  began  to  attack  the  sides 
of  the  lines,  causing  an  undercutting  action.  This  was 
overcome  by  strengthening  the  ink  by  rolling  up  with 
more  ink  in  the  lithographic  way,  again  dusting  with 
resin,  and  heating  to  such  an  extent  as  to  cause  the 
ink  and  resin  to  run  down  the  sides  of  the  lines  so  as 
to  protect  them.  By  this  process  an  enormous  amount 
of  what  is  termed  "  line  "  work  is  done  at  the  present 
clay  in,  making  blocks  for  printing  purposes. 

The  "  line  "  process  is  only  capable  of  reproducing 
clearly  defined  lines  or  areas  of  black  or  solid  colour 
against  white  or  other  contrasting  surface.  It  is  not 
possible  by  this  method  to  reproduce  "  tone,"  that  is 
to  say,  differences  of  shade. 

Taking  the  simplest  case  of  a  "  black-and-white  " 
wash-drawing,  the  artist  obtains  his  effects  of  tone 
by  means  of  washes  of  colour_of  more  or  less  density. 
If  we  reckon  black  as  full  tone  there  will  be  a  shade  mid- 
way between  that  and  the  whiteness  of  the  paper  which 
may  be  termed  "  half-tone,"  and  there  will  be  varying 
shades  of  darkness  and  lightness  on  either  side  of  this 
half-tone,  on  the  one  hand  deepening  towards  black 
and  on  the  other  lightening  towards  white. 

If  a  photographic  negative  were  made  from  such 
a  picture,  and  an  attempt  were  made  to  print  it  direct 
on  to  a  metal  plate  in  the  same  way  as  a  line  negative 
we  should  get  a  print,  but  it  would  not  be  possible 
to  develop  it  so  as  to  bring  out  the  tones  of  the  picture. 
All  but  the  blacks  would  wash  away,  and  leave  a  picture 
consisting  of  nothing  but  shadow  and  "  high  lights," 
the  latter  represented  by  bare  metal. 

The  early  experimenters  endeavoured  to  solve  th 
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problem  of  reproducing  the  tones  as  well  as  the  shadows 
and  the  theory  underlying  all  processes  with  this  object 
is  that  the  tones  must  be  broken  up  into  grain  points 
or  dots,  varying  in  fineness  or  coarseness  according 
to  the  depth  of  tone  required. 

It  is  obvious  that  if  a  large  number  of  grain  points 
or  dots  are  printed  close  together  and  are  large  in  area, 
they  will  represent  a  dark  shade,  whilst  those  which 
are  small  and  placed  widely  apart,  so  that  they  show 
white  paper  between  will  represent  a  light  shade.  This 

is  the  principle  on 
which  half-tone 
processes  are  based. 

It  was  found  that 
the    easiest    way    of 
breaking   up   the 
tones  into  dots  was 
4?  by  placing  a  "screen," 

which   consists   of   a 

HALF-TONE  SCREEN  ENLARGED       network  of  ruled  lines 

on    glass,     in    front 

of  the  sensitive  plate  (Fig.  47).  The  light  penetrating 
the  interstices  of  the  screen  forms  opaque  dots  on  the 
negative.  But  it  may  be  urged  by  the  reader  unfamiliar 
with  the  process  that,  if  the  interstices  of  the  screen  are 
all  the  same  size,  the  dots  will  be  all  of  one  size  and 
therefore  there  can  be  no  representation  of  tone. 

It  must  be  remembered,  however,  that  the  various 
parts  of  a  picture  which  is  being  reproduced  do  not 
reflect  the  same  amount  of  light,  and  as  the  area  of  the 
dots  formed  is  proportional  to  the  amount  of  light 
reflected  from  corresponding  points  on  the  picture 
the  dots  will  be  of  varying  size.  There  will  be  large 
dots  formed  opposite  to  white  portions  of  the  picture 
and  small  dots  opposite  dark  portions,  and  there  will 
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be  intermediate  sizes  for  less  dark  or  less  light  parts. 
Thus  we  get  the  required  variation  of  dot  to  reproduce 
the  tones  (Fig.  48). 

Again  it  may  be  urged  that  such  a  dot  negative  might 
be  expected  to  print  crossed  lines  on  to  the  plate,  be- 
cause the  light  would  act  in  the  spaces  between  the  dots, 
but  the  fact  is  that  the  large  dots  grow  so  much  in  the 
negative  that  they  join  up  to  each  other,  forming  a  sort 
of  chess-board  pattern,  so  that 
the  light  acting  through  the  clear 
space  between  produces  a  dot 
on  the  plate.  This  effect  can  be 
best  understood  by  examining, 
with  the  aid  of  a  magnifier,  any 
of  the  half-tone  prints  in  this 
book. 

The  half-tone  negative  pro- 
duced in  this  way  is  to  all  intents 
and  purposes  the  same  as  a  line 
negative  in  that  it  consists  of 
areas  of  black  and  white.  It  is 
in  a  sense  a  stencil,  and  all  we 
have  to  do  is  to  print  it  on  to  a 
metal  plate  coated  with  a  bichro- 
mated  composition  to  obtain  an 
image  which  when  developed 
consists  of  hardened  dots  with  bare  metal  between. 

The  same  process  as  used  for  line  work  may  be  em- 
ployed for  the  printing  and  etching,  but  it  was  found  that 
it  did  not  yield  clean  results  for  finely  screened  work, 
the  ink  and  resinous  powder  tending  to  fill  up  the 
spaces  between  the  dots  and  thus  give  them  a  ragged 
dirty  appearance.  A  better  method  was  discovered, 
called  the  "  enamel "  process,  and  copper  was  found 
to  be  a  superior  metal  to  zinc  for  such  work.  'The 
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copper  plate  is  coatee}  with  fish  glue  mixed  with  bichro 
mate  of  ammonia.  After  being  dried  the  plate  is 
printed  under  the  half-tone  negative,  a  powerful  electric 
arc  lamp  being  usually  employed  to  furnish  the  light. 
After  exposure  the  plate  is  developed  with  water, 
with  the  result  that  the  unexposed  fish  glue  is  removed 
from  between  the  dots  leaving  the  bare  metal.  The 
plate  is  then  dried  and  held  over  a  gas  stove  until  the 
heat  converts  the  fish  glue  image  into  a  hard  enamel 
which  will  withstand  the  subsequent  etching  in  a  solution 
of  perchloride  of  iron.  The  dots  thus  stand  in  relief 
so  that  they  may  be  inked  and  printed  from  as  a 
letterpress  block. 

The  same  method  of  reproducing  half-tone  can  be 
applied  to  "  grain  "  by  inserting  in  the  camera  a  screen 
formed  of  granulated  particles,  but  the  blocks  so  produced 
have  not  become  popular,  as  the  results  are  not  so  pleasing 
as  those  from  the  ruled  screen. 

A  quite  different  way  of  obtaining  tone  reproductions 
is  by  the  photogravure  process.  In  this  case  the  copper 
plate  is  first  coated  with  a  fine  powder  of  asphaltum,  the 
shower  of  dust  particles  being  so  regulated  as  to  produce 
fine  grain  points.  The  plate  is  heated  to  fix  the  grains, 
then  a  carbon  print  from  an  ordinary  (non-screened) 
negative  is  developed  thereon  by  the  methods  described 
in  Chapter  IX.  When  dry  the  plate  is  put  into  a  solution 
of  perchloride  of  iron  which  penetrates  the  gelatine 
image  in  proportion  to  the  thickness  of  the  film.  As 
this  thickness  varies  with  the  different  tones,  being 
thinnest  in  the  shadows  and  thickest  in  the  high  lights, 
the  result  is  an  etching  which  is  deepest  in  the  shadows 
and  hardly,  if  at  all,  affected  in  the  lights,  the  other  tones 
being  of  varying  depth.  The  hollowed  out  parts  are 
then  filled  with  ink,  just  as  the  copper-plate  printer 
fills  in  the  sunk  engraving  on  an  address  card  plate, 
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and  the  surface  is  cleanly  wiped.  When  a  sheet  of 
damped  paper  is  applied  to  the  plate  and  the  whole 
run  under  a  roller  press  an  impression  reproducing  the 
tones  of  the  picture  without  any  visible  screening 
effect  is  obtained. 

This  process  is  capable  of  producing  highly  artistic 
prints,  but  the  method  of  printing  is  slow  and  the  work 
is  correspondingly  expensive.  Of  late  years  a  comprom- 
ise between  this  process  and  the  half-tone  block  has 
been  discovered.  The  carbon  tissue  before  or  after 
being  printed  under  the  picture  positive  is  exposed 
under  a  ruled  screen.  The  tissue  is  then  developed 
on  a  clean  copper  surface,  usually  of  cylindrical  form 
for  rapid  printing,  and  the  etching  is  done  as  already 
described  in  the  plate  photogravure  process,  except 
that  the  cylinder  is  rotated  in  the  etching  solution. 
The  effect  of  the  screen  is  the  same  as  that  of  the 
asphaltum  grain,  it  holds  the  ink  in  little  cups  or  hollows, 
preventing  it  from  being  wiped  away  in  the  more 
delicate  parts  of  the  picture.  The  cylinder  is  put  into 
a  special  printing  machine  with  an  ink  roller  in  contact, 
and  also  with  a  thin  steel  scraper  resting  against  it, 
so  that  after  the  inking  roller  has  smeared  the 
cylinder  with  ink  the  scraper  cleans  the  surface. 
Paper  is  fed  between  the  printing  cylinder  and  a  rubber- 
covered  impression  cylinder  above  it,  the  result  being 
that  prints  are  obtained  at  a  high  rate  of  speed.  This 
process  is  called  rotary  photogravure.  Fig.  49 
illustrates  one  of  the  machines  for  printing  by  this 
process. 

The  same  principle  has  been  applied  to  flat  plates, 
but  the  difficulties  of  mechanical  wiping  with  a  scraper 
are  greater  than  in  case  of  cylinders,  and  the  printing 
is  necessarily  slower.  For  these  reasons  flat-plate 
printing  is  not  much  favoured  and  has  not  attained 
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anything  like  the  popularity  achieved  by  the  rotary 
printing. 

A  totally  different  process  from  either  of  the  forego- 
ing methods  for  obtaining  reproductions  in  tone  is  the 
collotype  process.  In  this  case  a  glass  plate  about 
£  in.  in  thickness  is  coated  with  a  mixture  of  gelatine 
and  bichromate.  When  dry  it  is  exposed  under  a  negative 
then  washed  to  remove  the  surplus  bichromate.  The 
excess  of  moisture  is  removed,  and  the  plate  is  flowed 


FIG.  49 
ROTARY   GRAVURE   PRINTING  MACHINE 

with  glycerine,  which  is  allowed  to  soak  in,  after  which 
the  surplus  on  the  surface  is  removed.  The  effect 
of  the  glycerine  is  to  keep  the  gelatine  in  a  moist  state. 
The  moisture  is  proportional  in  the  various  parts  of 
the  picture  to  the  amount  of  exposure  to  light  each 
part  has  received,  so  that  when  an  ink  roller  is 
passed  over  the  plate  the  ink  is  taken  up  in 
proportion  to  the  light  and  shade  of  the  picture. 
The  dark  parts  which  have  received  most  exposure 
hold  very  little  moisture  and  therefore  take  up  most 
ink.  The  principle  is  that  of  the  repulsion  of  greasy 


PHOTO-MECHANICAL  PROCESSES  109 

ink  by  moisture,  and  the  corresponding  affinity  for  ink 
of  the  parts  where  there  is  least  moisture.  A  sheet 
of  paper  is  laid  down  on  the  plate,  and  the  whole  run 
through  the  press,  when  a  print  is  obtained.  The  result 
is  a  nearer  approach  to  a  real  photograph  than  anything 
obtainable  by  other  photo-mechanical  processes.  There 
is  an  absence  of  visible  grain,  but  if  the  print  is  examined 
under  a  microscope  it  will  be  seen  that  the  image  is 
formed  of  reticulations.  The  gelatine  image  is  in 
fact  reticulated,  so  that  it  gives  the  effect  of  granulation. 
The  grain  is  most  open  in  the  lights  whilst  being  closer 
and  denser  in  the  shadows.  This  has  a  discriminating 
effect  in  taking  up  ink. 

Photo-lithography  can  be  utilized  for  reproducing 
half-tone  by  adopting  the  principle  of  collotype.  The 
bichromated  gelatine  mixed  with  certain  other  chemicals 
is  spread  on  paper  and  printed  under  an  ordinary  nega- 
tive. The  gelatine  reticulates  in  the  same  way  as  on  a 
collotype  plate  and  the  print  can  be  inked  up  so  as  to 
form  a  transfer  which  can  be  applied  to  stone. 

The  method  more  generally  applied  to  lithography 
is  to  coat  a  zinc  plate  with  bichromated  albumen  and 
print  direct  on  to  it  a  half-tone  negative.  After  exposure 
the  plate  is  coated  all  over  with  a  thin  layer  of  special 
ink,  and  then  laid  to  soak  in  water.  With  a  little 
gentle  rubbing  with  a  tuft  of  cotton  wool  the  unexposed 
parts  are  cleaned  away  and  an  ink  image  is  left  on  the 
plate.  This  can  be  strengthened  by  application  of  an  ink 
roller  and  printed  from  in  the  usual  lithographic  manner. 
The  best  method  of  printing  for  such  plates  is  the  off- 
set process,  which  consists  in  first  printing  on  to  a  rubber 
covered  cylinder  which  in  turn  transfers  its  print  to 
a  sheet  of  paper. 

A  photo-mechanical  process  which  formerly  had 
much  vogue,  but  is  little  used  now,  is  the  Woodbury 
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process  or  Woodburytype,  as  it  was  called.  A  strong 
paper  very  thickly  coated  with  pigmented  gelatine, 
as  in  the  carbon  process,  was  printed  under  an  ordinary 
negative.  After  exposure  the  unaltered  gelatine  was 
washed  away  so  that  the  image  stood  up  in  relief.  When 
dry  a  mould  was  taken  from  this  relief  in  a  lead  plate 
by  hydraulic  pressure.  This  mould  was  laid  level 
on  a  press  and  a  very  fluid  ink  (actually  gelatine  and 
pigment)  was  poured  over  it.  Paper  was  laid  on  and 
pressure  applied  with  the  result  that  the  surplus  ink 
was  squeezed  out  where  there  were  high  portions  in 
relief,  and  left  where  there  were  low  portions,  these 
latter  corresponding  to  the  shadows.  On  removal  of 
the  paper  a  beautifuUy  rich  toned  print  was  obtained. 
The  pigmented  ink  had  in  reality  formed  a  cast  from 
the  lead  plate,  and  the  intensity  of  the  tones  was 
proportional  to  the  depths  of  the  ink. 

A  modification  of  this  process  was  called  Stannotype. 
Instead  of  making  a  mould  in  lead  the  gelatine  was 
covered  with  thin  tinfoil  which  was  pressed  into  contact 
with  the  gelatine,  the  latter  having  being  coated  with 
india-rubber  solution  to  make  the  tinfoil  adhere.  The 
surface  of  the  tinfoil  then  showed  all  the  original  relief 
and  formed  a  durable  coating,  so  that  the  plate  could 
then  be  printed  from  direct. 

There  are  many  ramifications  of  these  photo-mechanical 
processes,  but  the  foregoing  are  those  which  have  come 
into  commercial  use.  The  other  methods  are  merely 
modifications  of  these  processes. 

Three  colour  printing  methods  are  essentially  based 
on  the  methods  we  have  just  described  for  single  colour 
printing.  The  chief  variations  from  the  regular  practice 
is  in  the  making  of  negatives.  The  principles  of  the 
three-colour  process  have  already  been  described  in 
Chapter  XI.  Let  it  be  supposed  that  instead  of  making 
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three  negatives  through  colour  filters  for  the  purpose 
of  producing  stained  films  we  use  them  for  making 
blocks  for  letterpress  printing,  and  we  have  the  same 
principles  involved.  The  difference  is  that  the  negatives 
must  have  a  "  grain  "  or  dot  formation  in  addition 
to  the  colour  rendering  of  the  tones.  This  result  may  be 
brought  about  by  making  positives  from  such  negatives 
as  are  produced  for  the  triple  film  method,  and  recopying 
the  positives  so  obtained  whilst  interposing  a  ruled  screen 
to  break  up  the  tones  into  dots.  This  was  the  original 
method  adopted  and  was  known  as  the  indirect  process. 
It  has  been  superseded  by  the  "  direct  "  process  in  which 
the  picture  or  object  to  be  reproduced  in  colours  is 
photographed  by  three  separate  exposures,  with  not 
only  the  ruled  screen  but  also  the  respective  colour 
filters  interposed  between  the  lens  and  sensitive  plate. 
The  latter  has  to  be  colour  sensitive  equally  or  as  nearly 
so  as  it  can  be  made  to  all  colours.  This  is  termed 
a  panchromatic  plate.  The  negatives  thus  produced  are 
hardly  distinguishable  in  general  appearance  from 
ordinary  half-tone  negatives,  the  only  difference 
discernible  on  a  close  examination  being  that 
the  tones  vary  in  the  respective  negatives  accord- 
ing to  the  colours  they  represent.  The  negatives 
are  printed  on  to  copper  and  etched  in  the  same  way 
as  half-tone  blocks.  In  printing  the  block  which  was 
taken  through  the  blue  filter  is  printed  first  in  yellow 
ink,  that  through  the  green  filter  in  red  ink,  and  that 
through  the  red  filter  in  blue  ink.  If  the  blocks  have 
been  made  correctly  so  that  they  register  exactly  and 
represent  the  colours  properly  the  result  on  paper 
will  be  a  pleasing  colour  print,  and  thousands  can  be 
run  off  in  succession  from  the  same  set  of  blocks. 

The  same  principles  can  be  applied  to  photogravure, 
collotype,   and   photo-lithography  by   making   suitable 
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printing  plates  instead  of  blocks,  but  it  is  more  difficult 
to  achieve  good  results,  and  as  a  rule  any  really  excellent 
colour  work  done  by  these  processes  is  the  result  of 
a  combination  of  skilful  handwork  with  the  product 
of  the  photo-mechanical  processes. 

It  should  be  mentioned  that  the  pictorial  daily  news- 
papers, and  the  numerous  illustrations  in  weekly  and 
monthly  periodicals  are  the  results  of  the  great  progress 
made  in  these  photo-mechanical  processes  of  late  years. 
It  has  led  to  the  development  of  a  new  branch  of 
photography,  and  the  press  photographer  is  now  as 
ubiquitous  as  the  newspaper  reporter.  The  negatives 
he  produces  are  very  rapidly  developed  and  printed  on 
bromide  paper,  whilst  the  "  process  "  department,  which 
is  now  a  part  of  the  organization  of  every  important 
daily  newspaper,  make  the  half-tone  blocks  with  almost 
equal  rapidity.  In  cases  of  special  urgency,  blocks 
are  often  produced  within  half  an  hour  of  the  photograph 
being  received. 

The  Rotary  Photogravure  process  has  now  been 
largely  applied  to  the  printing  of  weekly  newspapers. 


CHAPTER  XV 

INDUSTRIAL   APPLICATIONS   OF   PHOTOGRAPHY 

APART  from  such  industrial  applications  as  the  making 
of  prints  for  engineers,  architects,  etc.,  the  photo- 
graphing of  buildings  during  or  after  construction, 
recording  manufacturing  operations,  photographing 
machinery  and  other  objects  for  illustrative  purposes, 
there  are  some  other  applications  to  industrial  require- 
ments which  are  becoming  increasingly  useful. 

In  many  large  manufacturing  businesses  photography 
is  now  employed  to  a  considerable  extent.  The  old  blue 
print  method  has  been  largely  superseded  by  a  "  black 
line  "  print,  which  is  produced  on  a  photographic  basis. 
A  blue  print  is  first  produced  in  the  usual  way  by  expos- 
ing the  sensitive  paper  under  the  tracing.  This  gives  a 
negative  result,  and  without  development  the  print  is 
laid  face  down  on  a  pad  consisting  of  gelatine  mixed 
with  glycerine  and  ferric  chloride.  The  chemical  matter 
in  the  lines  of  the  blue  print  hardens  the  gelatine  so 
that  it  will  take  up  ink  in  these  parts  when  a  roller  is 
passed  over  the  pad,  whilst  the  parts  which  should 
remain  white  refuse  to  take  the  ink.  A  sheet  of  paper 
is  pressed  into  contact  with  the  pad  and,  on  being 
lifted,  takes  up  the  ink  yielding  a  print  in  black  lines. 

Another  application  of  photography  to  industrial  pur- 
poses consists  in  the  use  of  an  apparatus  variously 
called  the  Photostat,  Cameragraph,  Planograph,  or 
Rectigraph.  The  plan  or  drawing  to  be  copied  is  laid 
on  a  horizontal  board,  and  the  image  is  first  viewed  in 
a  right-angled  reflecting  prism,  thence  passing  through 
the  lens  on  to  a  roll  of  bromide  paper.  After  the  ex- 
posure is  made,  the  piece  of  paper  is  cut  off  and  passed 
113 
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into  a  developing  chamber  where  it  is  developed  auto- 
matically, or  partly  so.  There  are  scales  on  the  appara- 
tus for  setting  the  focus  for  any  desired  size  without 
the  necessity  of  focussing,  and  the  whole  of  the  arrange- 


FIG.  50 
PIANOGRAPHY  COPYING  APPARATUS 

ments  are  so  simplified  that  even  in  unskilled  hands  a 
large  number  of  prints  can  be  quickly  turned  out.  The 
apparatus  is  also  used  in  libraries,  museums  and  govern- 
ment offices  for  copying  prints,  documents,  etc.  Fig. 
50  shows  one  form  of  this  apparatus. 

Photography  has  also  been  applied  to  the  production 
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of  engraved  plates  such  as  scales,  dials,  and  instruction 
labels  on  instruments  and  machines;  also  for  the  pro- 
duction of  graticules  and  scales  on  glass  in  optical  instru- 
ments. The  photographic  process  saves  a  great  amount 
of  hand  engraving  where  many  duplicates  of  the  article 
are  required. 

There  have  been  numerous  efforts  to  apply  photographic 
methods  to  the  decoration  of  ceramic  ware,  but  although 
very  beautiful  results  have  been  obtained,  it  cannot 
be  said  that  the  methods  have  reached  any  degree  of 
commercial  success.  This  is  probably  due  to  the  fact 
that  the  processes  regularly  employed  are  worked  very 
quickly  and  cheaply  by  comparatively  unskilled  labour, 
whilst  the  photographic  processes  could  noi:  be  so  readily 
done. 

The  method  of  ceramic  photography  that  has  been 
most  successfully  employed  is  that  known  as  the  "  Dust- 
ing-on  "  process.  The  sensitive  film  consists  of  gum, 
fish  glue,  or  albumen  mixed  with  such  substances  as 
honey  or  glucose,  and  glycerine,  together  with  a 
bichromate  salt.  A  glass  plate  is  coated  with  the 
mixture,  and  when  dry  is  exposed  under  a  transparency. 
The  image  is  slightly  visible  if  the  exposure  has  been 
correct.  The  development  consists  in  brushing  over 
the  plate  a  ceramic  powder,  i.e.,  a  colour  that  is  verifiable 
when  fired  in  a  furnace.  The  powder  adheres  in  pro- 
portion to  the  light  and  shade  of  the  picture,  the  reason 
for  this  adherence  being  that  the  plate  is  tacky  through 
absorbing  moisture  from  the  atmosphere,  this  condi- 
tion being  brought  about  by  the  honey  or  glucose 
and  glycerine  added  to  the  coating  mixture.  The  ex- 
posure to  light  makes  the  various  parts  of  the  picture 
more  or  less  tacky.  In  the  shadows  the  powder 
mostly  adheres,  and  consequently  the  darkest  shade 
is  produced.  In  the  high  lights  little  or  no  powder 
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will  adhere  so  that  the  result  will  be  white.  As  soon 
as  development  is  complete  the  film  is  covered  with 
a  coating  of  plain  collodion  and  the  plate  is  next  allowed 
to  soak  in  water  to  remove  the  unaltered  bichromate. 
Next  it  is  placed  in  a  bath  of  fused  borax  and  water, 
after  which  the  film  is  stripped  from  the  glass  by  a 
simple  method,  and  allowed  to  float  in  a  basin  of  the 
fused  borax  solution.  A  plaque  or  other  piece  of 
ceramic  ware  is  introduced  under  the  film  and  the  two 
are  lifted  out  together,  any  wrinkles  formed  in  the 
film  being  smoothed  out  with  a  camel  hair  brush. 
The  plaque  is  dried,  and  then  placed  in  a  muffle  gas 
furnace,  the  heat  of  which  destroys  the  photographic 
film  and  fuses  the  powder.  Finally  the  plaque  is 
glazed  by  a  further  firing  and  is  then  complete. 

Another  method  is  that  called  the  "  Substitution  " 
process.  A  glass  plate  is  coated  with  collodion  and 
sensitized  in  a  silver  bath  in  the  same  way  as  in  making 
a  wet  collodion  negative.  It  is  exposed  in  a  trans- 
parency camera  so  as  to  produce  a  positive  and  is  de- 
veloped as  usual.  After  fixing  with  potassium  cyanide 
and  washing  very  thoroughly  the  film  is  floated  from 
its  glass  support,  and  the  image  is  toned  in  a  solution 
of  iridium  chloride.  Then  it  is  transferred  to  the 
enamel  plaque  on  which  it  is  to  be  fired.  The  firing 
is  done  in  a  muffle  furnace,  the  heat  destroying  the  coll- 
odion film  and  fusing  the  iridium  and  gold  of  the  image 
into  the  enamel.  After  being  glazed  the  enamel  picture 
is  complete.  It  is  then  quite  permanent  and  the  result, 
if  the  operations  have  been  carried  through  properly,  is 
very  beautiful.  The  reason  for  the  word  "  substitution  " 
being  used  to  describe  this  process  is  that  the  original 
silver  of  the  image  is  substituted  by  the  iridium  and 
gold. 

Photography    has    also    been     employed     for     the 
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decoration  of  tiles  and  for  stained  glass,  but  not  to 
any  large  extent.  Attempts  have  been  made  to  create 
businesses  for  working  these  processes  but  with  little 
or  no  success.  The  results  obtained  were  excellent, 
but  apparently  the  processes  were  too  costly  and  slow 
to  be  commercially  profitable  in  working. 

The  decoration  of  wood  panels  has  also  been  done 
successfully  by  photographic  means,  but  has  not  found 
a  permanent  commercial  application. 

Photographic  printing  on  silk,  satin,  and  other 
fabrics,  though  giving  charming  results  has  never 
come  to  anything  in  a  business  way. 

An  Austrian  inventor,  Jan  Sczcepanik,  endeavoured 
to  apply  photographic  processes  to  the  production 
of  cards  for  the  Jacquard  loom,  and  he  succeeded  in 
obtaining  excellent  results.  Experimental  works  were 
set  up  in  Austria  and  in  England,  but  the  venture  proved 
a  commercial  failure.  Better  success  has  attended 
efforts  to  apply  the  photogravure  process  to  the  printing 
of  calico  and  wall  papers,  the  copper  cylinders  being 
produced  by  photo-etching,  but  the  method  has  not 
yet  come  into  general  use. 

Another  direction  in  which  photography  has  been 
applied  to  industrial  work  is  in  the  production  of  reliefs 
for  electrotyping.  A  thick  gelatine  film  treated  with 
bichromate  will  swell  up  into  relief  when  developed 
after  exposure  under  a  negative.  A  plaster  cast  can 
be  taken  from  this  relief,  and  from  this  cast  a  wax 
mould  can  be  taken.  Copper  is  deposited  on  this  mould 
and  medals  or  other  relief  designs  obtained.  Printing 
plates  have  also  been  made  in  this  way,  the  process 
being  called  "  Photo-electrotype." 

Photo-sculpture  has  been  a  fascinating  field  for 
experiment  by  several  inventors.  To  increase  the 
relief  effect  the  photographs  have  been  taken  from 
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different  points  of  view,  the  subjects  being  rotated 
on  a  turntable  or  in  some  other  way  shifted  to  secure 
different  positions  according  to  a  uniform  scheme. 
These  photographs  have  been  used  as  a  guide  to  the 
sculptor. 

Photography  has  also  been  pressed  into  service  for 
music  printing.  In  one  method  the  notes  and  signs 
on  a  large  scale  were  cut  out  from  paper  or  thin  metal 
and  were  fixed  in  their  proper  positions  on  a  large  board 
ruled  with  the  musical  staves.  When  complete  the 
whole  was  photographed  on  a  reduced  scale,  and  the 
print  from  resulting  negative  formed  the  sheet  of  music, 
or  the  negative  could  be  used  for  making  a  block  or  a 
transfer  for  lithographic  printing.  Another  method 
was  to  have  the  notes  printed  on  separate  pieces  of 
paper  and  stuck  on  to  a  glass  ruled  with  the  lines  of 
the  staves.  When  complete  the  plate  was  photographed 
and  the  negative  used  as  in  the  process  last  described. 

Photo-process  work  has  been  applied  to  Stencil 
cutting,  much  more  elaborate  designs  than  could  readily 
be  cut  by  hand  being  produced.  A  negative  line  print 
is  put  down  on  the  stencil  metal  and  the  line  etched 
through  ;  the  back  and  the  parts  to  be  left  intact  being 
protected  by  acid-resisting  varnish. 

Lastly  we  may  mention  the  application  of  photography 
to  the  decoration  of  gold  and  silver  ware.  A  carbon 
print,  in  one  method,  was  developed  and  transferred 
to  the  surface,  and  then  lacquered  over,  but  a  more 
permanent  method  was  to  etch  the  image  in  the  same 
way  as  a  photogravure  plate,  using  the  carbon  transfer 
as  a  resist.  Yet  another  way  was  to  make  a  half-tone 
negative  and  print  it  on  the  metal  surface  by  the  fish 
glue  enamel  method,  burning-in  the  image,  in  the  same 
way  as  done  for  etching.  The  image  thus  produced 
is  very  hard  and  will  stand  a  good  deal  of  wear.  A 
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variation  was  that  of  making  a  half-tone  positive, 
printing  it  on  to  the  metal  in  enamel  and  etching.  The 
sunk  dots  thus  obtained,  were  filled  in  with  black 
and  gave  the  effect  of  a  niello  engraving. 

Although,  as  will  be  seen  from  the  foregoing,  photo- 
graphy has  not  met  with  mrch  success  commercially 
in  superseding  handicraft  worK  it  has  proved  extremely 
useful  as  an  adjunct  in  many  industrial  methods,  and 
will  be  found  very  largely  employed  in  many  businesses 
for  producing  enlarged  or  reduced  prints  for  a  great 
many  purposes  as  aids  to  the  artist  or  craftsman. 


CHAPTER  XVI 

PHOTOGRAPHY   IN    WARFARE 

WE  close  our  survey  of  the  applications  of  photography 
by  a  brief  indication  of  its  amazing  developments 
brought  about  by  the  recent  great  European  War. 

Photography  has  been  used  for  military  purposes 
from  the  time  it  became  a  practical  process.  Even 
before  the  advent  of  the  dry  plate  it  was  used  to  a  limited 
extent  in  military  operations  by  enployment  of  portable 
dark  rooms  for  the  development  of  the  wet  collodion 
plates  on  the  spot.  It  has  also  been  largely  employed 
for  the  photo-lithographic  and  photo-zincographic 
production  of  maps  in  the  survey  departments.  At 
the  Ordnance  Survey  Office  in  Southampton  photo- 
graphic methods  have  been  extensively  used  for  something 
like  forty  years  with  the  most  successful  results. 

Photographic  caravans  completely  equipped  with 
every  appliance  for  rapid  work  have  been  a  feature 
in  military  organization. 

From  time  to  time  apparatus  has  been  devised  for 
photographic  surveying  to  replace  the  tedious  methods 
of  work  with  the  theodolite,  compass,  plane  table, 
and  other  apparatus  used  in  trigonometrical  surveying. 
Though  these  new  methods  have  not  yet  come  into  general 
use  they  have  revealed  great  possibilities,  and  have 
pointed  the  way  to  short  cuts  in  military  observation 
that  have  been  found  invaluable  in  the  present  war. 

It  was  soon  realized  after  the  outbreak  of  war  that 
photography  from  aeroplanes  gave  an  immense  advan- 
tage in  military  observation,  and  the  first  efforts  made 
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with  such  apparatus  as  were  obtainable  showed  the  value 
of  this  new  aid  to  warfare. 

Gradually  the  apparatus  was  improved  or  new  appli- 
ances constructed  to  suit  the  needs  of  the  work,  and  a  large 
number  of  photographic  observers  and  their  ground- 
helpers  were  trained.  An  enormous  amount  of  valuable 
reconnaissance  work  has  been  done  and  the  commanders 
of  the  armies  in  the  field  have  highly  praised  the 
efficient  aid  rendered  them  by  the  photographic  section 
of  the  service. 

When  it  is  remembered  that  before  the  war  very  little 
had  been  done  other  than  in  an  experimental  way  in 
aero-photography  the  magnitude  of  the  progress  made 
can  be  understood.  Photography  from  balloons  had 
been  accomplished,  and  efforts  made  to  utilize  these 
photographs  for  survey  work  by  arranging  for  datum 
lines  or  scales  to  be  reprcduced  on  the  photograph, 
but  little  or  no  practical  use  was  made  of  such  work. 

Kite  photography  had  also  been  developed  to  some 
extent  before  the  war,  a  special  form  of  camera  being 
attached  to  the  kite,  with  an  automatic  means  for  opening 
and  closing  the  shutter.  Some  excellent  photographs 
were  taken  in  this  way,  but  the  difficulty  of  utilizing 
this  method  was  no  doubt  the  impossibilty  of  exactly 
directing  the  camera  towards  any  particular  point  of 
view. 

The  advent  of  the  aeroplane  naturally  pointed  to 
fresh  possibilities  in  aerial  photography,  but  the  instabil- 
ity of  the  early  machines,  and  the  fact  that  the  pilot 
had  enough  to  think  about  in  handling  his  controls 
and  watching  his  instruments  did  not  encourage  the  idea 
of  attempting  to  take  photographs.  In  the  early 
days  of  the  war,  however,  there  were  instances  of  pilots 
having  taken  excellent  photographs  whilst  keeping 
control  of  their  machines.  These  efforts  were  casual 
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and  experimental,  and  it  was  not  until  larger  and  better 
machines  were  sent  into  the  air,  carrying  an  observer 
as  well  as  the  pilot  that  the  possibilities  of  photography 
began  to  be  realized.  At  first  ordinary  cameras 
were  used,  but  it  was  soon  found  that  the  changing 
of  the  plates  and  other  manipulations  were  too  slow 
and  inefficient  for  such  work. 

The  Germans  and  the  French  were  the  quickest  to 
realize  the  necessity  of  constructing  special  cameras 
with  automatic  shutter-setting  devices,  changing  boxes, 
and  sighting  attachments.  With  such  cameras  it  was 
possible  for  an  observer  to  bring  back  two  or  three 
dozen  excellent  negatives  from  one  flight.  Our  frontis- 
piece shows  one  form  of  camera  used  by  the  British 
Air  Force  and  how  it  was  operated. 

Cameras  captured  from  fallen  German  aeroplanes 
in  the  early  stages  of  the  war  did  not  reveal  any  great 
originality.  They  had  been  adapted  from  types  of  hand 
cameras  existing  before  the  war. 

The  French  showed  great  ingenuity  in  devising 
new  types  of  cameras.  They  especially  improved  the 
plate-changing  and  sighting  devices. 

Naturally  ideas  were  interchanged  by  the  allies, 
and  British  camera  makers  were  set  to  work  to  produce 
suitable  types,  which  have  been  made  in  many  thousands. 

The  lack  of  suitable  lenses  was  early  felt  to  be  a  weak- 
ness, but  British  and  French  optical  firms  have 
been  stimulated  to  produce  new  types  of  lenses  working 
at  a  large  aperture.  British  firms  were  particularly 
successful  in  turning  out  lenses  of  very  fine  quality, 
and  eminently  suited  for  the  work. 

The  size  of  plates  used  has  been  mostly  small,  for 
obvious  reasons,  the  British  standard  being  5  X  4  in. 
means  being  employed  for  rapidly  enlarging  the  pictures 
when  necessary.  The  French  have  used  larger  sizes, 
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for  instance,  24  x  18  cm.  (9|  x  7  in.).  Panchromatic 
plates  were  almost  entirely  used,  both  for  their  correct 
rendering  of  coloured  objects  and  for  their  rapidity. 

It  was  found  that  when  taking  photographs  from 
a  great  altitude  it  was  desirable  to  use  long  focus  lenses, 
and  this  led  to  lenses  being  chosen  with  a  focus  much 
longer  than  was  demanded  by  the  size  of  the  plate. 
The  French  carried  this  to  the  extreme  by  using  lenses 
of  nearly  2  metres  focus  on  plates  of  24  x  18  cm.  The 
object  was  to  secure  a  telephoto  result,  by  bringing  the 
object  apparently  nearer  and  thus  securing  larger  detail 
in  a  smaller  field.  The  Naval  section  of  the  British 
air  service  also  adopted  this  idea,  using  plates  of  8|  X 
6£  in.  or  10  X  8  in. 

It  might  be  supposed  that  a  better  result  could  be 
obtained  by  using  telephoto  lenses  or  focus-lengthening 
attachments  to  existing  lenses,  but  as  these  do  not 
give  a  large  aperture  and  necessitate  longer  exposure, 
they  were  found  impracticable. 

In  all  cases  the  cameras  are  set  at  a  fixed  focus  for 
infinity,  as  obviously  focussing  would  be  impossible 
and  for  high  altitudes  unnecessary. 

As  a  rule  the  cameras  are  pointed  vertically  downwards 
through  an  aperture  in  the  floor  of  the  aeroplane  body, 
but  cameras  have  also  been  arranged  to  be  directed 
over  the  side  of  the  machine. 

Shutters  were  mostly  of  the  focal  plane  type,  working 
directly  in  front  of  the  plate. 

Various  devices  have  been  tried  for  registering  the 
view  point,  compass  direction,  altitude,  and  angle  of 
inclination  to  the  horizon,  but  for  the  most  part  these 
have  not  been  found  very  practicable. 

The  usual  method  is  for  the  observer  to  fly  with  a 
level  keel  at  a  determined  altitude  and  take  photographs 
in  quick  succession.  Prints  are  made  from  the  resulting 
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negatives,  and  joined  up  by  locating  objects  which 
are  repeated  on  succeeding  photographs.  In  this  way 
a  complete  bird's  eye  view  of  the  ground  is  obtained 
along  the  line  on  which  the  pilot  has  been  flying.  By 
comparison  with  ordinary  maps  positions  are  located 
and  names,  heights,  distances,  etc.,  filled  in  by  hand 
lettering.  Eventually  this  patched-up  photograph  is 
reproduced  and  prints  furnished  to  the  commanders 
of  the  armies. 

The  Germans  essayed  to  improve  on  this  method, 
as  shown  by  a  camera  which  fell  into  the  hands  of  our 
troops.  This  camera  was  arranged  to  make  a  series 
of  exposures  on  a  continuous  film  after  the  style  of  a 
cinema  camera,  by  simply  turning  a  handle  or  by  con- 
necting it  to  a  motor.  The  exposures  were  made  at 
determined  intervals,  each  picture  representing  a  cer- 
tain distance  on  the  ground.  The  resulting  pictures 
were  joined  up  as  already  described  and  reproduced  as 
a  single  map. 

The  British  air  force  also  had  automatic  cameras  for 
making  exposures  in  quick  succession,  one  form  being 
operated  by  a  small  air  propeller. 

At  the  time  of  writing  the  regular  type  of  cinema 
camera  has  not  been  used  to  any  considerable  extent  from 
aeroplanes,  there  being  evidently  some  technical  diffi- 
culties in  the  way,  but  experiments  are  in  hand,  and 
results  obtained  promise  great  possibilities.  Obviously 
it  would  be  a  great  gain  to  register  any  movements 
within  the  field  of  view,  and  the  camera  would  reveal 
what  could  not  be  seen  with  the  naked  eye.  The  films 
being  projected  on  a  large  scale  show  up  detail  which 
would  be  unnoticed  on  a  small  print. 

It  may  be  thought  singular  that  roll  film  photography 
has  not  been  used  to  a  greater  extent  in  aerial  photo- 
graphy, thereby  avoiding  the  use  of  more  or  less  clumsy 
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changing  boxes  and  dark  slides  for  glass  plates,  but 
these  latter  have  been  preferred  as  being  more  reliable 
and  practical. 

An  ingenious  camera  in  the  form  of  a  gun  was  used 
to  teach  shooting.  The  user  of  it  aimed  at  a  small 
target  inside  the  apparatus,  and  the  effect  of  the  shot 
was  recorded  on  the  negative. 

The  Navy  do  not  appear  to  have  utilized  photography 
on  board  ship  in  the  systematic  way  adopted  by  the 
military  forces,  but  that  a  large  amount  of  photography 
is  being  done  in  the  Navy  is  evident  from  the  numerous 
photographs  of  life  on  board  ship  and  of  naval  battle 
scenes. 

Probably  we  may  eventually  see  submarine  photo- 
graphy developed.  There  is  evidence  that  this  can 
be  done  under  suitable  conditions  as  shown  by  the 
remarkable  series  of  cinema  and  other  photographs 
taken  under  the  sea  by  Williamson  Bros.,  and  shown 
publicly  in  London. 

There  seems  to  be  no  field  the  photographer  is  unable 
to  conquer  on  the  earth,  under  the  earth,  on  the  sea 
and  under  the  sea,  or  in  the  sky,  and  even  to  the  remotest 
planets  and  stars.  The  most  minute  objects  are  revealed 
by  the  photo-microscope,  and  the  intricate  movements 
of  life  and  nature  with  the  aid  of  the  cinema  camera, 
and  the  X-ray  apparatus.  The  reproduction  of  natural 
colours  is  accomplished,  though  long  accounted  an 
impossibilty.  Sound  waves,  water  currents,  and  almost 
all  the  phenomena  of  nature  have  been  revealed  by 
photography,  and  undoubtedly  we  shall  see  even  more 
marvellous  things  yet  by  its  powerful  aid. 
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Butler  colour  camera,  86 
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,  enlarging,  70 
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Finder,  24,  88 

Final  support,  66 
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Fixed  focus  camera,  24,  123 
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—  prints,  56 
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Iodine,  5 
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Ives,  F.  E.,  82,  86,  99 

KINEMA  colour,  96,  98 
Kite  photography,  121 
Kodak,  10,  19,  20,  42 

developing  tank,  51 

Krayn  process,  82 
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LANTERN  enlarging,  69,  70 

slides,  30,  69,  77,  83,  89 

Latitude  of  plates,  38 
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a  modern,  16 
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—  cinema  camera,  95 

effect  of  using  a  14 
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Lenses,  long  focus,  123 
Levelling  the  camera,  43 
Light  action,  3,  12,  48 

,  artificial,  72 

Lighting  the  dark  room,  25 
Line  process,  103 
Lithographic  processes,  101 

transfers,  102 

Lumiere,  79,  83 

MADDOX,  Dr.  R.  L.,  10 
Magnesium  powder,  and  ribbon 

47,76 
Matt  paper,  58,  72 

—  varnish,  55 
Mercury,  6 

vapour  lamp,  47 

Methylated  spirit,  53 

Metol,  49,  62,  77 

Mirror  in  colour  camera,  87 

for  reversal,  65 

on  reflex  camera,  46 

Military  photography,  120 
Monckhoven,  10 
Monomet,  49 
Music  printing,   118 

NAVAL  photography,  1 25 
Negatives,  8,  38,  48,  53 

for  platinum  process,  63 

,  half  tone,  104,  111 

,  three-colour,  111 

Niepce,  Joseph  Nicephore,  4,  5, 

100 
Nitrate  of  silver,  4,  7,  8,  32,  55, 

56 
Newspaper  illustrations,  112 

OIL  process,  68 
Offset  process,  109 
Omnicolore  process,  81, 
Over-exposed  negatives,  54 
Ozotype,  66,  67 

PAGET  colour  process,  80,  99 
Panchromatic  emulsion,  79 

plates,  111,  123 

Papers,  photo,  7,  56,  66,  113 


Paraffin    wax,     treatment    of 

paper  with,  8 
Photogravure,    106,    111,    117, 

118 

Photo  ceremics,  68,   115 
Photo-electrotype,   117 

lithography,     102,     109, 

111,  120 

mechanical       processes, 

100 
micrographic  apparatus, 

90 

— micrography,  91 

—  sculpture,  117 

surveying,  120 

zincography,  120 

Photostat,  113 
Pigment  process,  64 
Pinatype  process,  84 
Pinhole  camera,  1,  12,  13 
Plain  sensitized  paper,  56 
Planograph,  113 

—  copying  apparatus,  114 
Plate  changing,  20,  122 

sizes,  122 

Platinum  process,  63 

salts,  11,  63 

toning,  57,  59 

Point  of  view,  40,  43 
Polychromide  process,  83 
Ponton,  Mungo,  64,  102 
P.O.P.,  58 

Porta,  Baptista,  1 
Portable  dark-room,   9,   120 
Portraits,  40,  48,  51,  55 
Positives,    8,    9,    33,    80,    86, 

116 
Potassium  bichromate,  67 

cyanide,  116 

Powder  process,  68 
Press  photography,   112 
Printing  frame,  58 

—  box,  61 

—  processes,  56 

—  -out  paper,  58,  73 
Prism,  cameras,  86 

—  reversing,  113 
Process  plates,  76 
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Process  blocks,  103,  106,  112 
Pyrogallic  acid,  49,  55 
Pyroxyline,  30 

RADIOGRAPHY,  92 
Raydex  process,  85 
Rays  of  light,  12,  14 
Rectigraph,  113 
Re-development,  55 
Reducing  solution,  54,  77 
Reflection  of  light,  12 
Reflex  camera,  2,  46 
Reliefs,  photographic,  110,  117 
Resin,  use  of  in  etching,   102, 

105 

Retouching,  55,  73,  75 
Reversing  bath,  80 
—  the  image,  65,  80,  81 
Reversed  negatives,  65 
Rising  front,  41 
Rocking,  in  development,  50 
Rodinal,  49 

Roller-blind  shutter,  45 
Roll  films,  10,37,50,  124 

holders,  37 

Rotary  photogravure,  107,  112 

photogravure     machine, 

108 

—  bromide  printing,  62 

ST.  VICTOR,  Niepce  de,  8 
Salt,  fixing  with,  6 
Satin,  photo-printing  on,  117 
Scale  plates,  115 
Scheele,  3 

Scientific  applications  of  photo- 
graphy, 88 

Screen,  half-tone,  104,  111 
Screens,  X-ray,  92 

,  colour,  80,  81,  82,  111 

Sculpture,  photo,  117 
Self-toning  papers,  59 
Sensitive  plates,  29 

salts,   11 

papers,  2,  4,  7 

Sharpness  of  image,  44 
Shepherd,  Sanger,  82,  84 
Shutters,  16,  45,  123 


Side  swing,  42 
Silhouette,  images,  4 
Silk,  photo-printing  on,   117 
Silver  bath,  8,  32 

bromide,  35,  61,  82,  86 

chloride,  3 

compounds,  darkening  of, 

3,  48,  49 

nitrate,  4,  7,  8,  35 

plate,  image  on,  6 

ware,  decoration  of,   118 

Sink,  Dark-room,  26 

Sizing  papers,  56 

Skies,  55 

Sound-wave  photography,  125 

Spectro-photography,  89 

Spectroscopic  camera,  89 

Speed  of  plates,  36,  38 

Spool,  removing  and  inserting, 

19 

Spools  for  films,  19,  37 
Stained-glass  decoration,   117 
Stannotype,  110 
Stencil  process,  118 
Stone,  lithographic,  102 
Stopping-down,  44 

out  negatives,  55 

Stops,  15,  44 
Strip  printer,  61 
Swan,  J.  W.,  65 
Swing  back,  use  of,  41 
Subject,  choice  of,  40 
Submarine  photography,  125 
Substitution  process,  1 16 
Surveying,  photographic,  120 
Szczepanik's  colour  process,.  85 

weaving  process,  117 

TALBOT,  Henry  Fox,  7 

Tank  development,  27,  50,  51, 

52 

Telephoto  lens,  94,  123 
Temperature  of  solutions,  27, 

51 

Temporary  support,  66 
Testing  speed  of  plates,  38 
Three-colour   process,    82,    84, 

110 
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Tiles,  decoration  of,  117 
Tintypes,  9,  34 
Toning,  57 

lantern  slides,  77 

Transfers,   lithographic,    102 
Transfer,    single    and    double, 

68,  66 
Transparencies,    77,     83,     89, 

115 
Transparency  camera,  65,   73, 

77,  116 
Tripods.  22,  23,  42 

ULTRA-VIOLET,   absorption   o  * 

91 
Under-exposed  negatives,  54 

VARNISHING  NEGATIVES,  33,  55 
Varnish,  matt,  55 

—  retouching,  55 
Verifiable  powder,  68.   115 


WAISTCOAT-POCKET  camera,  20 
Warfare,  photography  in,  120 
Warner-Powrie  process,  81,  99 
Wash  drawings,  reproducing, 

103 

Washing  collodion  plates,  33 
Watkins'  meters,  39 
Waxing  paper,  8,  66 
Wedgwood,  Thomas,  3 
Wet  plates,  29 
Winding-box,  Kodak  film,  51 
Woodburytype,  100,  109 
Wood-panel  decoration,   117 

X-RAY  photography,  92.  93 


ZINC,  direct  printing  on,   102, 
109 
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ARITHMETIC 

PRICK 

Arithmetic  and  Book-keeping. 

By  THOS.  BROWN,  P.S.S.,  and  VINCENT  E.  COLLINGE, 

A.C.I.S.     In  two  parts. 

Part  I      .          .          .          .          .        ...          .     Net       2/6 

Part  II    ...          o          ....     Net        1/3 

Arithmetic  of  Commerce. 

By  P.  W.  NORRIS,  M.A.,  B.Sc.  (Hons.)       .          .     Net       4/- 

Complete  Commercial  Arithmetic.  3/- 

Answers  .         .         »  .         .         .     Net       1/6 

Complete  Mercantile  Arithmetic. 

With  Elementary  Mensuration. 

By   H.    P.    GREEN,    F.C.Sp.T.     (With  Key)        .     Net       «/- 
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Arithmetic — contd . 

PRICK 

Counting -House  Mathematics. 

By  H.  W.  PORKITT  and  W.  NICKLIN,  A.S.A.A..     Net       2/- 

Elements  of  Commercial  Arithmetic. 

By  THOMAS  BROWN Net       2/6 

Metric    and    British    System    of    Weights, 

Measures,  and  Coinage. 
By  DR.  P.  MOLLWO  PERKIN      ....     Net       3/6 

Principles    and    Practice    of    Commercial 
Arithmetic. 

By  P.  W.  NORRIS,  M.A.,  B.Sc.  .          .          .Net       7/6 

Rapid  Methods  in  Arithmetic. 

By  JOHN  JOHNSTON.     Revised  and   Edited   by  G.  K. 
BUCKNALL,  A.C.I.S. Net       l/- 

Slide  Rule  Applied  to  Commercial  Calcula- 
tions, The 

By  R.  M.  SHIREBY Net       2/6 

Smaller  Commercial  Arithmetic. 

By  C.  W.  CROOK,  B.A.,  B.Sc.             .          .          .     Net       2/- 
Answers Net       1/6 

BOOK-KEEPING   AND   ACCOUNTANCY 
Accountancy. 

By  F.  W.  PIXLEY,  F.O.A.,  Barrister-at-  Law         .     Net       7/6 

Accountants'  Dictionary. 

Edited  by  F.  W.  PIXLEY,  F.C.A.     In  2  Vols.    .     Net     63/- 

Accounting. 

By  S.  S.  DAWSON,  M.Com.,  F.C.A.,  and  R.  C.  de  ZOUCHE, 
F.C.A.    . Net     10/6 

Accounts  of  Executors,  Administrators,  and 
Trustees. 

By  WILLIAM  B.  PHILLIPS,  A.C.A.,  A.C.I.S.          .     Net       5/- 

Advanced  Accounts. 

Edited  by  ROGER  N.  CARTER,  M.Com.,  F.C.A.   .      Net       7/6 

Advanced  Book-keeping.  Net      3/6 

Answers Net       2/6 

Auditing,  Accounting,  and  Banking. 

By  FRANK  DOWLER,  A.C.A.,  and  E.  MARDINOR  HARRIS, 
A.I.B ...    Net       7/6 


Book-keeping  and  Accountancy — contd. 

PRICE 

Auditors  :   Their  Duties  and  Responsibilities. 

By  F.  W.  PIXLEY,  F.C.A.          .          .          .          .     Net      21/- 

Balance  Sheets  :  How  to  Read  and  Understand 
Them. 

By  PHILIP  TOVEY,  F.C.I.8.   >    .         .         .         .    Net       2/6 

Book-keeping  and  Commercial  Practice. 

By  H.  H.  SMITH,  F.C.T.,  F.Inc.S.T.  .          .          .1/9 

Book-keeping  for  Beginners. 

By  W.  E.  HOOPER,  A.C.I.S.  .  .          .          .Net       2/6 

Book-keeping  for  Bootmakers,  Retailers,  and 
Repairers. 

By  F.  W.  WHITFIELD Net       3/8 

Book-keeping  for  Commercial  and  Secondary 
Schools. 

By  C.  H.  KIBTON,  A.C.I.S Net        6/- 

Book-keeping  for  Retailers. 

By  H.  W.  POBBITT  and  W.  NICKLIN,  A.S.A.A.   .     Net       2/6 
Book-keeping  Simplified. 

By  W.  O.  BUXTON,  A.C.A.  (Hons.)    ...  3/6 

Answers Net       3/- 

Book-keeping  Teachers'  Manual. 

By  C.  H.  KIBTON,  A.C.I.S.,  F.Inc.S.T.       .          .     Net       7/6 

Branch  Accounts. 

By  P.  TAGKJABT,  A.S.A.A.          .         .         .          .    Net       3/- 
Business  Book-keeping. 

By  J.  ROUTLEY Net       3/6 

Commercial  Goodwill. 

By  P.  D.  LTCATTP!,  F.C.A.  .         .          .          .Net     21/- 

Company  Accounts. 
By  ABTHUB  COLES,  F.C.I.S.       .         .         .         .Net       7/6 

Complete  Book-keeping.  Net      6/6 

Cost  Accounts  in  Principle  and  Practice. 

By  A.  CLIFFOBD  RIDGWAY,  F.C.A.    .         .         .     Net       5/- 

Cost  Accounts  for  the  Metal  Industry. 

By  H.  E.  PABKES,  M.Com.,  A.C.W.A.  .          .    Net     10/6 

Depreciation  and  Wasting  Assets. 

By  P.  D.  LEAKE,  F.C.A.  .         .  .Net     15/- 


Book-keeping  and  Accountancy — contd. 

PRICE 

Dictionary  of  Book-keeping. 

By  R.  J.  PORTERS Net       7/6 

Elements  of  Book-keeping. 

By  W.  O.  BUXTON,  A.C.A.  (Hons.)    .          .          .Net        2/6 

Full  Course  in  Book-keeping. 

By  H.  W.  PORRITT  and  W.  NICKLIN,  A.S.A.A.       Net       5/- 

Higher  Book-keeping  and  Accounts. 

By  H.  W.  PORRITT  and  W.  NICKLIN,  A.S.A.A.       Net       5/- 
Hotel  Book-keeping.  Net      2/6 

How  to  Become  a  Qualified  Accountant. 

By  R.  A.  WITTY,  A.S.A.A Net       3/6 

Manual  of  Book-keeping  and  Accounting. 

By  A.  NIXON,  F.C.A.,  and  H.  E.  EVANS,  A.C.A.   .     Net      10/6 

Manual  of  Cost  Accounts. 

By  H.  JULIUS  LUNT Net       7/6 

Manufacturing  Book-keeping  and  Costs. 

By  G.  JOHNSON,  F.C.I.S.  ....     Net       5/- 

Municipal  Audit  Programmes. 

By  S.  WHITEHBAD,  A.S.A.A Net  3/6 

Municipal  Book-keeping. 

By  J.  H.  MCCALL Net  7/6 

Notes  of  Lessons  on  Book-keeping. 

By  J.  ROUTLBY         ......     Net       3/6 

Practical  Book-keeping. 

By  G.  JOHNSON,  F.C.I.S.  ....     Net       6/- 

Principles  of  Auditing. 

By  F.  R.  M.  DE  PAULA,  O.B.E.,  F.C.A.   .          .     Net       7/6 
Principles  of  Book-keeping  Explained. 

By  I.  H.  HUMPHRYS Net       2/6 

Questions  and  Answers  in  Book-keeping  and 
Accounting. 

By  F.  F.  SHARLES,  F.S.A.A.,  A.C.I.S.        .          .     Net     10/6 
Railway  Accounts  and  Finance. 

By  ALLEN  E.  NEWHOOK,  A.K.C.        .         .         .     Net       5/- 
Shopkeepers'  Accounts  Simplified. 

By  C.  D.  CORNELL  .....     Net       2/- 

Sinking  Funds,  Reserve  Funds,  and  Depreciation. 

By  J.  H.  BURTON,  A.S.A.A Net       3/6 

Theory  and  Practice  of  Costing. 

By  E.  W.  NEWMAN,  A.C.A Net      10/6 


BUSINESS  TRAINING,  COPY  BOOKS,  ETC. 

PRICE 

Business  Handwriting.  Net      1/6 

Business  Methods  and  Secretarial  Work  for 

Girls  and  Women. 
By  HELEN  REYNARD,  M.A Net       2/6 

Commercial  Handwriting  and  Correspondence. 

Net        2/6 

Commercial  Practice. 

By  ALFRED  SCHOFIELD      .....     Net       4/- 

Counting -House  Routine.    1st  Year's  Course. 

By  VINCENT  E.  COLLINGE,  A.O.I.S.   .         .         .    Net       1/9 

Counting -House  Routine.    2nd  Year's  Course. 

By  VINCENT  E.  COLLINGE,  A.C.I.S.   .          .          .     Net       3/6 

Course  in  Business  Training. 

By  G.  K.  BUCKNALL,  A.C.I.S.  2/6 

Elements  of  Commerce. 

By  F.  HEYWOOD,  A.C.I.S.         .         .         .         .    Net       4/- 

Handbook  for  Commercial  Teachers. 

By  FRED  HALL,  M.A.,  B.Com.,  F.C.I.S.     .          .     Net       2/6 

How  to  Become  a  Private  Secretary. 

By  J.  E.  MCLACHLAN,  F.I.P.S.  .          .          .     Net       3/6 

How  to  Enter  the  Mercantile  Marine. 

By  B.  A.  FLETCHER Net       3/6 

How  to  Teach  Business  Training. 
By  F.  HEELIS,  F.C.I.S Net       2/6 

How  to  Write  a  Good  Hand. 

By  B.  T.  B.  HOLLINGS Net       1/6 

Junior  Woman  Secretary. 

By  ANNIE  E.  DAVIS,  F.Inc.S.T.         .         .         .    Net       2/- 

Manual  of  Business  Training.  Net      5/- 

Modern  Business  and  Its  Methods. 

By  W.  CAMPBELL,  Chartered  Secretary.       .          .     Net       7/6 

Office  Routine  for  Boys  and  Girls. 

In  three  stages.  First  Stage       .....        8d. 
Second  and  Third  Stages  ....  Each       l/- 

Popular  Guide  to  Journalism. 

By  A.  KINGSTON      .         .         .         .         .         .    Net       2/6 
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Business  Training,  Copy  Books,  etc. — contd. 

PRICE 

Practical  Journalism  and  Newspaper  Law. 

By  A.  BAKER,  M.J.I.,  and  E.  A.  COPE      .          .     Net       3/8 

Principles  and  Practice  of  Commerce. 

By  JAMES  STEPHENSON,  M.A.,  M.Com.,  B.Sc.     .     Net       8/6 

Principles  of  Business. 

By  JAMES  STEPHENSON,  M.A.,  M.Com.,  B.Sc. 

Part  I Net       3/- 

Part  II Net        3/6 

Routine  of  Commerce. 

By  ALFRED  SCHOFIELD      .....     Net       4/- 

Theory  and  Practice  of  Commerce. 

Being  a  Complete  Guide  to  Methods  and  Machinery  of 


Edited  by  F.  HEELIS,  F.C.I.S.     Assisted  by  Specialist 
Contributors Net        7/6 


CIVIL   SERVICE 

Civil  Service  Arithmetic  Tests. 

By  P.  J.  VARLEY-TIPTON  ....     Net       2/6 

Civil  Service  Essay  Writing. 

By  W.  J.  ADDIS,  M.A Net       2/6 

Civil  Service  Guide. 

By  A.  J.  LAWFORD  JONES         ....     Net       2/6 

Civil  Service  Practice  in  Precis  Writing. 

Edited  by  ARTHUR  REYNOLDS,  M.A.  (Oxon)        .     Net       3/6 

Civil  Servant  and  His  Profession,  The       Net      3/6 

Copying    Manuscript,    Orthography,    Hand- 
writing, Etc. 

By    A.    J.    LAWFORD    JONES.      Actual    Examination 
Papers  only      .......     Net        3/6 

Digesting  Returns  into  Summaries. 

By  A.  J.  LAWFORD  JONES         ....    Net       2/6 

Elementary  Precis  Writing. 

By  WALTER  SHAWCROSS,  B.A.  .         .         .    Net       2/- 

Indexing  and  Precis  Writing. 
By  A.  J.  LAWFORD  JONES         ....    Net       2/6 


ENGLISH  AND  COMMERCIAL 
CORRESPONDENCE 

PRICE 

Commercial  Correspondence  and  Commercial 

English.  Net      3/6 

Commercial  Dictionary.  Net      2/- 

Correspondence  of  Commerce,  The. 

By  A.  RISDON  PALMER,  B.Sc.,  B.A.  .          .     Net        4/- 

English  Composition  and  Correspondence. 

By  J.  F.  DAVIS,  D.Lit.,  M.A.,  LL.B.  (Lond.)      .     Net        2/6 

English  for  Commercial  Students. 

By  H.  W.  HOUGHTON        .....     Net        2/6 

English  for  Technical  Students. 

By  F.  F.  POTTER,  M.A.  2/- 

English  Grammar. 

By  C.  D.  PUNCHARD,  B.A.  (Lond.)     .          .          .     Net       2/- 

English  Grammar  and  Composition. 

By  W.  J.  WESTON,  M.A.,  B.Sc.  (Lond.)      .          .     Net       5/- 

English  Mercantile  Correspondence.  Net      3/6 

English  Prose  Composition. 

By  W.  J.  WESTON,  M.A.,  B.Sc.  (Lond.)      .          .     Net       3/6 

Guide    to    Commercial    Correspondence    and 
Business  Composition. 

By  W.  J.  WESTON,  M.A.,  B.Sc.  (Lond.)  .  2/6 

Guide  to  English  Composition. 

By  the  REV.  J.  H.  BACON  ....  Net  2/- 
How  to  Teach  Commercial  English. 

By  WALTER  SHAWCROSS,  B.A.  .  .  .  Net  3/6 

Manual  of  Commercial  English. 

By  WALTER  SHAWCROSS,  B.A.  .  .  .  Net  3/6 

Pocket  Dictionary.  Net  2/- 

Practice  in  English. 

By  P.  H.  REANEY,  M.A 2/6 

Principles  and  Practice  of  Commercial  Corre- 
spondence. 

By  J.  STEPHENSON,  M.A.,  M.Com.,  B.Sc.  .     Net       7/6 

Punctuation  as  a  Means  of  Expression. 

By  A.  E.  LOVKLL,  M.A.          ,    .  .          .Net       l/- 
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COMMERCIAL    GEOGRAPHY    AND 
HISTORY 

PRICE 

Commercial  Geography  of  the  British  Empire 

Abroad  and  Foreign  Countries.  Net      3/- 

Commercial  Geography  of  the  British  Isles. 

Net        2/6 

Commercial  Geography  of  the  World.        Net      4/6 

Commercial  History. 

By  J.  R.  V.  MARCHANT,  M.A.  .         .         .     Net       5/6 

Elements  of  Commercial  Geography. 

By  C.  H.  GRANT,  M.Sc.,  F.R.Met.  Soc.       .         .     Net       2/6 

Elements  of  Commercial  History. 

By  FRED  HALL,  M.A.,  B.Com.,  F.O.I.S.     .         .    Net       2/6 

Examination  Notes  on  Commercial  Geography. 

By  W.  P.  RUTTER,  M.Com Net       2/- 

Principles  of  Commercial  History. 

By  J.  STEPHENSON,  M.A.,  M.Com.,  B.Sc.  .     Net       7/6 

World  and  Its  Commerce,  The.  Net      2/6 


ECONOMICS 

British  Finance  (1914-1921). 

Edited  by  A.  W.  KIRKALDY,  M.A.,  B.Litt.,  M.Com.    Net     15/- 

British  Labour  (1914-1921). 

Edited  by  A.  W.  KIRKALDY,  M.A.,  B.Litt.,  M.Com.    Net     10/6 

Dictionary  of  Economic  and  Banking  Terms. 

By  W.  J.  WESTON,  M.A.,  B.Sc.,  and  A.  CREW       Net       5/- 

Economic  Geography. 

By  JOHN  MCFARLANE,  M.A.,  M.Com.         .         .     Net     10/6 

Economic  Geography,  The  Principles  of. 

By  R.  N.  RUDMORE  BROWN     ....    Net       7/6 

Elements  of  Political  Economy. 

By  H.  HALL,  B.A Net       2/6 

Guide  to  Political  Economy. 

By  F.  H.  SPENCER,  D.Sc.,  LL.B.       .         .         .    Net       3/6 


Economics— contd . 
History  and  Economics  of  Transport. 

By  A.  W.  KIRKALDY,  M.A.,  B.Litt.  (Oxford),  M.Com. 
(Birm.),  and  A.  DUDLEY  EVANS         .         .         .     Net     15/- 

Housing  Problem,  The. 

By  JOHN  J.  CLARKE,  M.A.,  P.S.S.     .         .         .    Net     21/- 

Labour,  Capital  and  Finance. 

By  "  SPECTATOR  "  (W.  W.  WALL,  F.J.I.,  F.S.S.)  .    Net       3/6 

Local  Government  of  the  United  Kingdom. 

By  JOHN  J.  CLARKE,  M.A.,  F.S.S.         .          .          .     Net       7/6 

Outlines  of  Central  Government. 

By  JOHN  J.  CLARKE,  M.A.,  F.S.S.     .          .         .    Net       1/6 

Outlines  of  Industrial  and  Social  Economics. 

By  JOHN  J.  CLARKE,  M.A.,  F.S.S.,  and  JAMES  E. 

PRATT,  A.C.I.S Net       1/6 

Outlines  of  Local  Government. 

By  JOHN  J.  CLARKE,  M.A.,  F.S.S.     .          .         .    Net       2/6 

Outlines  of  the  Economic  History  of  England. 

By  H.  O.  MEREDITH,  M.A.,  M.Com.  .          .     Net       7/6 

Plain  Economics. 

By  JOHN  LEE,  M.A.,  M.Com.Sc.         .         .         .Net       3/6 
Social  Administration. 

By  JOHN  J.  CLARKE,  M.A.,  F.S.S.          .          .          .     Net       7/6 

Substance  of  Economics,  The. 

By  H.  A.  SILVERMAN,  B.A Net       6/- 

Value  for  Money. 

By  Sm  WM.  SCHOOLING,  K.B.E.        .         .         .    Net       2/6 

BANKING   AND   FINANCE 

Bankers'  Advances. 

By  F.  R.  STEAD.     Edited  by  SIR  JOHN  PAOET,  K.C. 

Net       6/- 
Bankers'  Advances  Against  Produce. 

By  A.  WnxiAMS,  A.I.B.  ....     Net        6/- 

Bankers '  Credits  and  all  that  Appertains  to  Them  in 
Their  Practical,  Legal,  and  Everyday  Aspects. 
By  W.  F.  SPALDING          .          .          .         .         .     Net     10/6 

Bankers*  Securities  Against  Advances. 

By  LAWRENCE  A.  FOGG,  Cert.  A.I.B.          .         .     Net       6/- 
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Banking  and  Finance — contd. 

PRICE 

Bankers'  Clearing  House,  The. 

By  P.  W.  MATHEWS Net       7/6 

Bank       Organization,       Management,       and 
Accounts. 

By  J.  F.  DAVIS,  M.A.,  D.Lit.,  LL.B.  (Lond.)      .     Net       6/- 
Dictionary  of  Banking. 

A  Complete  Encyclopaedia  of  Banking  Law  and  Practice. 
By  W.  THOMSON  and  LLOYD  CHRISTIAN  .  .  Net  30/- 

Eastern  Exchange. 

By  W.  F.  SPALDING Net     15/- 

Elements  of  Banking. 

By  J.  P.  GANDY Net       2/6 

English  Public  Finance. 

By  HARVEY  E.  FISK Net       7/6 

Foreign  Exchange  and  Foreign  Bills  in  Theory 
and  in  Practice. 

By  W.  F.  SPALDING,  Cert.  A.I.B.       .          .          .Net       7/6 

Foreign  Exchange,  A  Primer  of. 

By  W.  F.  SPALDING          .....    Net       3/6 

Functions  of  Money,  The. 

By  W.  F.  SPALDING Net       7/6 

London  Money  Market,  The. 

By  W.  F.  SPALDING Net     10/6 

Money,  Exchange,  and  Banking. 

In  Their  Practical,  Theoretical,  and  Legal  Aspects. 

By  H.  T.  EASTON,  A.I.B Net       6/- 

Notes  on  Banking  and  Commercial  Law. 

By  T.  LLOYD  DAVIES Net       3/- 

Practical  Banking. 

By  J.  F.  G.  BAGSHAW.  With  Chapters  on  The  Principles 
of  Currency,  by  C.  F.  HANNAFORD,  A.I.B.,  and  Bank 
Book-keeping,  by  W.  H.  PEARD  .  .  .  Net  7/6 

Simple  Interest  Tables. 

By  SIR  WILLIAM  SCHOOLING,  K.B.E.          .         f    Net     21/- 

Talks  on  Banking  to  Bank  Clerks. 

By  H.  E.  EVANS Net       2/6 

Title  Deeds  and  the  Rudiments  of  Real  Property 
Law. 

By  F.  B.  STEAD Net       6/- 
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INSURANCE 

Actuarial  Science,  The  Elements  of. 

By  E.  E.  UNDERWOOD,  M.B.E.,  P.I.A.  .          .    Net       5/- 

Common  Hazards  of  Fire  Insurance. 

By  W.  G.  KUBLER  RIDLEY,  F.O.I.I.  .          .     Net        5/- 

Guide  to  Life  Assurance. 

By  S.  G.  LEIGH,  P.I.A Net  5/- 

Guide  to  Marine  Insurance. 

By  HENRY  KEATE  .....  Net  3/6 

Insurance. 

By  T.  E.  YOUNG,  B.A.,  P.R.A.S.,  W.  R.  STRONG,  F.I.A., 

and  VYVYAN  MARR,  P.P.A.,  F.I.A.       .         .         .    Net     10/6 

Insurance  Office   Organization,  Management, 
and  Accounts. 

By    T.    E.    YOUNG,    B.A.,    F.R.A.S.,    and     RICHARD 
MASTERS,  A.C.A. Net       6/- 

Law  and  Practice  as  to  Fidelity  Guarantees. 

By  C.  EVANS  and  F.  H.  JONES          .          .          .     Net       6/- 

Motor  Insurance. 

ByW.  F.  TODD Net       6/- 

Pension,    Endowment,    Life    Assurance,    and 
Other  Schemes  for  Commercial  Companies. 

By  H.  DOUGHARTY,  F.C.I.S Net       6/- 

Principles  of  Insurance. 

By  J.  ALFRED  EKE Net       3/6 

Principles  of  Marine  Law.     (See  page  20.) 

Successful  Insurance  Agent,  The. 

By  J.  J.  BISGOOD,  B.A.,  F.C.I.S.,  J.P.  .  .  Net  2/6 
Talks  on  Insurance  Law. 

By  J.  A.  WATSON,  B.Sc.,  LL.B.  .  .  .Net  5/- 
Workmen's  Compensation  Insurance. 

By  C.  E.  GOLDING,  LL.B.,  F.O.I.I.   .          .         .     Net       5/- 

SHIPPING 

Case  and  Freight  Costs. 

By  A.  W.  E.  CROSFIELD  ....     Net       2/- 

Consular    Requirements    for    Exporters    and 
Shippers  to  all  Parts  of  the  World. 

By  J.  8.  NOWERY Net       7/6 
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Shipping — contd . 

PRICE 

Exporters'  Handbook  and  Glossary,  The. 

By  F.  M.  DUDENEY  .....     Net        8/6 

Exporting  to  the  World. 

By  A.  A.  PRECIADO  .....     Net     21/- 

How  to  Export  Goods. 

By  F.  M.  DUDENEY Net       2/- 

How  to  Import  Goods. 

By  J.  A.  DUNNAGE Net       2/- 

Import  and  Export  Trade. 

By  A.  S.  HARVEY Net     21/- 

Shipbroking. 

By  0.  D.  MACMUBBAY  and  M.  M.  CREE          .         .    Net       3/6 

Shipping. 

By  A.  HALL  and  F.  HEYWOOD          .         .         .     Net       2/6 

Shipping  Business  Methods. 

By  R.  B.  PAUL Net       3/6 

Shipping  Office   Organization,  Management, 
and  Accounts. 

By  ALFRED  CALVERT         .....     Net       6/- 

SECRETARIAL  WORK 


Chairman's  Manual. 

By   GURDON   PALIN,   of   Gray's  Inn,    Barrister-at- Law, 

and  ERNEST  MARTIN,  F.C.I.S.   ....     Net       5/- 

Company  Secretarial  Work. 

By  E.  MARTIN,  F.C.I.S.  .          .          .          .Net       2/6 

Company  Secretary's  Vade  Mecum. 

Edited  by  P.  TOVEY,  F.C.I.S.   .         .          .          .Net       3/6 

Debentures. 

A  Handbook  for  Limited  Company  Officials,  Investors, 
and  Business  Men. 
By  F.  SHEWELL  COOPER,  M.A.,   Barrister-at- Law    Net       6/- 

Dictionary  of  Secretarial  Law  and  Practice. 

Edited  by  PHILIP  TOVEY,  F.C.I.S.  A  comprehensive 
Encyclopaedia  of  information  and  direction  on  all 
matters  connected  with  the  work  of  a  Company 
Secretary.  With  contributions  by  nearly  40  eminent 
authorities  .  .  .  .  .  .Net  42/- 
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Secretarial  Work — contd. 

Guide  for  the  Company  Secretary. 

By  ARTHUR  COLES,  F.C.I.S.       ....     Net       6/- 

Guide  to  Company  Secretarial  Work. 

By  O.  OLDHAM,  A.G.I.S.  ....     Net       3/6 

How  to  Become  a  Company  Secretary. 

By  E.  J.  HAMMOND,  A.C.I.S Net       3/6 

How  to  Become  a  Private  Secretary. 

By  J.  E.  McLACHLAN        .....    Net       3/6 

How  to  Take  Minutes. 

Edited  by  E.  MARTIN,  P.C.I.S.  .         .          .     Net       2/6 

Outlines  of  Transfer  Procedure  in  Connection 
with  Stocks,  Shares,  and  Debentures 
of  Joint  Stock  Companies. 

By    P.    D.   HEAD,    B.A.    (Oxon),     of     Lincoln's     Inn, 
Barrister-at- Law Net        3/6 

Practical  Share  Transfer  Work. 
By  F.  W.  LIDDINGTON      .....     Net       3/6 

Prospectuses  :  How  to  Read  and  Understand 
Them. 

By  PHILIP  TOVEY,  F.C.I.S.         ....  .Net        5/- 

Questions  and  Answers  on  Secretarial  Practice. 

By  E.  J.  HAMMOND,  A.C.I.S Net       7/6 

Secretary's  Handbook. 

Edited  by  H.  E.  BLAIN,  C.B.E.         .         .         .    Net       6/- 

Transfer     of     Stocks,     Shares,     and     Other 

Marketable  Securities. 
By  F.  D.  HEAD,  B.A Net     10/6 

What  is  the  Value  of  a  Share  ? 

By  D.  W.  BOSSITER  ....    Net       2/6 


INCOME   TAX 

Corporation  Profits  Tax. 

By  P.  D.  LEAKS Net       l/- 

Income  Tax  and  Super  Tax  Practice. 

By  W.  E.  SNELLING          .         .         ...     Net     12/6 
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Income  Tax — contd. 

PRICK 

Practical  Income  Tax. 
By  W.  E.  SNELLING Net       3/6 

Super  Tax  Tables. 

By  G.  O.  PARSONS Net       l/- 

INDUSTRIAL  ADMINISTRATION 

Common  Sense  and  Labour. 
By  S.  CROWTHER Net       8/6 

Current  Social  and  Industrial  Forces. 

Edited  by  L.  D.  EDEE Net     12/6 

Employment  Management. 

Compiled  and  Edited  by  DANIEL  BLOOMFIELD   .     Net       8/6 

Factory  Administration  in  Practice. 

By  W.  J.  Hiscox Net       8/6 

Industrial  Control  (Applied  to  Manufacture). 
By  F.  M.  LAWSON,  A.M.I.C.E.,  A.M.I.Mech.E.   .     Net       8/6 

Industrial  Organization. 

By  JOHN  LEE,  M.A.,  M.Com.Sc.         .         .         .     Net       5/- 

Lectures  on  Industrial  Administration. 

Edited  by  B.  Muscio,  M.A Net       6/- 

Management . 

By  J.  LEE Net       5/- 

Modern  Industrial  Movements. 

Edited  by  D.  BLOOMFIELD         ....     Net     10/6 

Outlines  of  Industrial  Administration. 

By  B.  O.  HERFORD,  H.  T.  HILDAGE,  and  H.  G.  JENKINS 

Net       6/- 
Patents  for  Inventions. 

By  J.  EWART  WALKER,  B.  A.,  and  B.  BRUCE  FOSTER,  B.Sc. 

Net     21/- 
Philosophy  of  Management,  The. 

By  OLIVER  SHELDON,  B.A Net     10/6 

Principles  of  Industrial  Administration,  An 
Introduction  to. 

By  A.  P.  M.   FLEMING,  C.B.E.,  M.Sc.,  M.I.E.E.,  and 

H.  J.  BROCKLEHURST,  M.Eng.,  A.M.I.E.E.          .    Net       3/6 

Problems  of  Labour. 

Compiled  and  Edited  by  DANIEL  BLOOMFIELD  .     Net       8/6 
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Industrial  Administration — contd. 

PRICK 

Psychology  of  Management,  The. 

By  L.  M.  GILBRETH  .          .          .          .          .     Net        7/6 

Research  in  Industry. 

By  A.  P.  M.  FLEMING,  C.B.E.,  M.Sc.,  M.I.E.E.,  and 

F.  G.  PEARCE,  B.Sc.,  A.M.I.E.E.        .          .          .Net      10/6 

Sharing  Profits  With  Employees. 

By  J.  A.  BOWIE,  M.A Net     10/6 

Workshop  Committees. 

By  C.  G.  RENOULD Net       l/- 

BUSINESS   ORGANIZATION  AND 
MANAGEMENT 

Business  Management  for  Small  Retailers. 

By  H.  W.  THEEDAM          .....    Net       3/6 
Card  Index  System.  Net      2/6 

Clubs  and  Their  Management. 

By  FRANCIS  W.  PIXLEY,  F.C.A.         .         .         .     Net       7/6 

Colliery  Office  Organization  and  Accounts. 

By  J.   W.   INNES,   F.C.A.,  and  T.   COLIN   CAMPBELL, 
F.C.I Net       7/6 

Counting -House  and  Factory  Organization. 

By  J.  GILMOUR  WILLIAMSON     ....    Net       7/6 

Drapery  Business  Organization,  Management, 
and  Accounts. 

By  J.  ERNEST  BAYLEY Net       7/6 

Filing  Systems. 
By  E.  A.  COPE         ......    Net       3/6 

Grocery  Business  Organization  and  Manage- 
ment. 

By  C.  L.  T.  BEECHING  and  J.  ARTHUR  SMART      .    Net       6/- 

Manual  of  Duplicating  Methods. 

By  W.  DESBOROUGH Net       3/- 

Municipal  Organization. 

By  MONTAGU  H.  Cox,  LL.B Net       5/- 

Offlce  Machines,  Appliances,  and  Methods. 

By  W.  DESBOROUGH,  F.C.I Net       6/- 
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Business  Organization  and  Management — contd. 

PRICE 

Office  Organization  and  Management,  Includ- 
ing Secretarial  Work. 

By    LAWRENCE    R.    DICKSEE,    M.Com.,    F.C.A.,    and 

H.  E.  BLAIN,  C.B.E Net       7/6 

Organization  of  a  Small  Business,  The. 

By  W.  A.  SMITH      ......     Net       2/6 

Solicitors'  Office  Organization,  Management, 
and  Accounts. 

By  E.  A.  COPE  and  H.  W.  H.  ROBINS      .          .     Net       6/- 
ADVERTISING  AND  SALESMANSHIP 

Ads.  and  Sales. 

By  HERBERT  N.  CASSON  ....  Net  8/6 

Advertising 

By  HOWARD  BRIDGEWATER  ....  Net  2/6 
Advertising  as  a  Business  Force. 

By  P.  T.  CHERINGTON Net  10/6 

A  Short  Course  in  Advertising. 

By  A.  F.  OSBORN Net     12/6 

Business  Man's  Guide  to  Advertising. 

By  A.  E.  BULL Net       3/6 

Buying  Goods. 

By  A.  E.  BULL Net       2/- 

Commercial  Travelling. 

By  ALBERT  E.  BULL Net       3/6 

Craft  of  Silent  Salesmanship. 

By  C.  MAXWELL  TREGURTHA  and  J.  W.  FRINGS    Net       5/- 

Efficient  Salesmanship. 

By  F.  W.  SHRUBSALL        .          .  .          .     Net       2/- 

Mail  Order  Business,  Conducting  a. 

By  A.  E.  BULL Net       2/- 

Mail  Order  Organization. 

By  P.  E.  WILSON Net       3/6 

Making   Advertisements   and   Making   Them 
Pay. 

By  ROY  S.  DURSTTNE       .....    Net     12/6 

Modern  Methods  of  Selling. 

By  L.  J.  HOENIG      ....  Net     10/6 
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Advertising  and  Salesmanship— contd. 

PRICE 

Modern  Publicity. 

By  A.  W.  DEAN Net  2/6 

New  Business,  The. 

By  HARRY  TIPPER  .  .  '  .  .  .  .  Net  8/6 
Practical  Press  Publicity. 

By  A.  L.  CULYER Net  3/6 

Practical  Salesmanship. 

ByN.  C.  FOWLER,  assisted  by  29  expert  salesmen,  etc.  Net        7/6 

Principles  of  Practical  Publicity. 

By  TRUMAN  A.  DE  WEESE        .  .          .     Net     10/6 

Psychology    of    Advertising    in    Theory    and 
Practice,  The. 

By  W.  DILL  SCOTT,  Ph.D Net     12/6 

Salesmanship. 

By  W.  A.  CORBION  and  G.  E.  GRIMSDALE  .  Net  3/6 
Window  Dressing. 

By  G.  L.  TIMMINS Net       £/- 

BUSINESS  HANDBOOKS  AND  WORKS 
OF   REFERENCE 

Business  Man's  Encyclopaedia  and  Dictionary 
of  Commerce. 

Edited  by  J.  A.  SLATER,  B.A.,  LL.B.  (Lond.).  Assisted 
by  about  50  specialists  as  contributors.  A  reliable  and 
comprehensive  work  of  reference  on  all  commercial  sub- 
jects, specially  written  for  the  busy  merchant,  the 
commercial  student,  and  the  modern  man  of  affairs. 
Four  vols Net  £4/4/- 

Business  Man's  Guide. 

Edited  by  J.  A.  SLATER,  B.A.,  LL.B.        .         .    Net       6/- 

Business  Statistics. 
By  B.  W.  HOLLAND,  O.B.E.,  M.A.,  M.Sc.,  LL.D.     Net       3/6 

Business  Terms,  Phrases,  and  Abbreviations. 

Net       3/6 
Commercial  Arbitrations. 

By  E.  J.  PARRY,  B.Sc.,  F.I.C.,  F.C.S.        .          .     Net       3/6 

Commercial  Commodities. 

By  F.  MATTHEWS,  B.Sc.,  A.I.C.,  F.C.S.      .          .     Net     12/6 
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Business  Handbooks  and  Works  of  Reference-contd. 

PRICK 

Commercial  Contracts. 

By  B.  J.  PARRY Net       5/- 

Commercial  Self -Educator. 

Edited  by  R.  W.  HOLLAND,  O.B.E.,  M.A.,  M.Sc.,  LL.D. 

Two  Vols Net     30/- 

Commodities  of  Commerce. 

By  J.  A.  SLATER,  B.A.,  LL.B.  .          .          .Net       6/- 

Complete  Guide  to  the  Improvement  of  the 
Memory. 

By  the  late  Rev.  J.  H.  BACON  .          .          .     Net        1/6 

Dictionary  of  the  World's  Commercial  Pro- 
ducts. 

By  J.  A.  SLATER,  B.A.,  LL.B.  (Lond.)        .          .     Net       3/6 

Discount,  Commission,  and  Brokerage  Tables. 

By  ERNEST  HEAVINGHAM  ....    Net       1/6 

Drapery  and  Drapers'  Accounts. 

By  RICHARD  BEYNON Net       3/6 

History,    Law,    and    Practice    of    the    Stock 
Exchange,  The. 

By  A.   P.  POLEY,  B.A.,    Barrister-at-  Law,  and  F.   H. 
CARRUTHERS  GOULD Net       7/6 

Ironmongery  and  Ironmongers'  Accounts. 

By  S.  W.  FRANCIS   ......     Net       3/6 

Investor's  Manual,  The. 

By  W.  W.  WALL,  F.S.S.,  F.J.I.         .          .          .Net       3/6 
Mercantile  Terms  and  Abbreviations. 

Net       1/6 
Money  and  the  Stock  and  Share  Markets,  The. 

By  EMIL  DAVIES Net       2/6 

Shareholder's  Manual,  The. 

By  H.  H.  BASSETT Net       3/6 

LAW 

Bankruptcy,  Deeds  of  Arrangement,  and  Bills 
of  Sale. 

By  W.  VALENTINE  BALL,  M.A.,  Barrister-at- Law      Net     12/6 

Bills,  Cheques,  and  Notes. 

By  J.  A.  SLATER,  B.A.,  LL.B.  .          .          .Net        6/- 
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Law — contd. 

FBICH 

Commercial  Law  of  England,  The. 

By  J.  A.  SLATER,  B.A.,  LL.B.  (Lond.)        .          .     Net       3/6 

Companies  and  Company  Law. 

By  A.  C.  CONNELL,  LL.B.  (Lond.)     .          .          .     Net       6/- 

Company  Case  Law. 

By  F.  D.  HEAD,  B.A.  (Oxon)  .          .          .     Net        7/6 

Elements  of  Commercial  Law,  The. 

By  A.  H.  DOUGLAS,  LL.B.  (Lond.)    .         .         .     Net       2/6 

Elementary  Law. 

By  E.  A.  COPE Net        5/- 

Examination  Notes  on  Commercial  Law. 

By  B.  W.  HOLLAND,  O.B.E.,  M.A.,  M.Sc.,  LL.D.       Net       2/6 

Examination  Notes  on  Company  Law. 

By  R.  W.  HOLLAND,  O.B.E.,  M.A.,  M.Sc.,  LL.D.       Net       2/6 

Guide  to  Company  Law. 

By  B,.  W.  HOLLAND,  O.B.E.,  M.A.,  M.Sc.,  LL.D.       Net        3/6 

Guide  to  Railway  Law. 

By  ARTHUR  E.  CHAPMAN,  M.A.,  LL.D.  (Camb.)      Net       7/6 
Guide   to   Bankruptcy  Law  and   Winding -up 
of  Companies. 

By  F.  PORTER  FAUSSET,  B .  A. ,  LL.B . ,  Barrister-at-  Law  Net      3/6 

Guide  to  the  Law  of  Licensing. 

By  J.  WELLS  THATCHER  ....  Net  5/- 

Inhabited  House  Duty. 

By  W.  E.  SNELLING Net  12/6 

Law  of  Contract,  The. 

By  R.  W.  HOLLAND,  M.A.,  M.Sc.,  LL.D.,  of  the  Middle 
Temple,  Barrister-at- Law  .....     Net       5/— 

Law  of  Repairs  and  Dilapidations. 

By  T.  CATO  WORSFOLD,  M.A.,  LL.D.         .         .     Net       3/6 

Law  Relating  to  Secret  Commissions  and 
Bribes  (Christmas  Boxes,  Gratuities, 
Tips,  etc.),  The. 

By  ALBERT  CREW,  Barrister-at- Law.     With    American 
Notes  by  MORTEN  Q.  MACDONALD,  LL.B.  .    Net     10/6 

Law  Relating  to  the  Carriage  by  Land  of 
Passengers,  Animals,  and  Goods,  The. 

By  S.  W.  CLARKE,    of   the    Middle    Temple,    Barristcr- 
at-Law Neb       7/6 
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Law— contd. 

PRICE 

Law  Relating  to  the  Child  :  Its  Protection, 
Education,  and  Employment,  The. 

By  R.  W.  HOLLAND,  O.B.E.,  M.A.,  M.Sc.,  LL.D.      Net       5/- 

Law  Relating  to  Trade  Customs,  Marks, 
Secrets,  Restraints,  Agencies,  Etc.,  Etc., 
The. 

By  LAWRENCE  DUCKWORTH,  Barrister-at-  Law     .     Net       1/3 

Legal  Aspect  of  Commerce,  The. 

By  A.  SCHOLFIELD,  M.Com.,  A.C.I.S.          .          .     Net       7/6 

Legal  Terms,  Phrases,  and  Abbreviations. 

By  E.  A.  COPE Net       3/- 

Mercantile  Law. 

By  J.  A.  SLATER,  B.A.,  LL.B.  (Lond.)       .          .    Net       7/6 

Outlines  of  Company  Law. 

By  F.  D.  HEAD,  B.A.  (Oxon)  .          .          .     Net       2/6 

Partnership  Law  and  Accounts. 

By  B.  W.  HOLLAND,  O.B.E.,  M.A.,  M.Sc.,  LL.D.       Net       6/- 

Principles  of  Marine  Law. 

By  LAWRENCE  DUCKWORTH  ....  Net  _  7/6 
Questions  and  Answers  in  Commercial  Law. 

By  R.  W.  HOLLAND Net  5/- 

Railway  (Rebates)  Case  Law. 

By  GEO.  B.  LISSENDEN  .....  Net  10/6 
Solicitor's  Clerk's  Guide. 

By  E.  A.  COPE Net  4/- 

Wills,  Executors  and  Trustees. 

By  J.  A.  SLATER,  B.A.,  LL.B.  (Lond.)       .         .    Net       2/6 

TRANSPORT 

Industrial  Traffic  Management. 

By  G.  B.  LISSENDEN  .....  Net  21/- 
History  and  Economics  of  Transport,  The. 

By    A.    W.    KIRKALDY,    M.A.,    B.Litt.,    M.Com.,    and 

A.  D.  EVANS Net     15/- 

How  to  Send  Goods  by  Road,  Rail,  and  Sea. 

By  G.  B.  LISSENDEN Net       2/- 

Motor     Road     Transport     for     Commercial 

Purposes. 

By  J.  PHILLIMORB  »         .         •         •         •    Net     12/6 
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PITMAN'S 

COMMON  COMMODITIES  AND  INDUSTRIES 
SERIES 


IN  each  volume  of  this  series  a  particular  product  or  industry  is 
treated  by  an  expert  writer  and  practical  man  of  business  in  an 
interesting  non-technical  style.  Beginning  with  the  life  history 
of  the  plant,  or  other  natural  product,  he  follows  its  development 
until  it  becomes  a  commercial  commodity,  and  so  on  through 
the  various  phases  of  its  sale  in  the  market  and  its  purchase 
by  the  consumer.  Industries  are  treated  in  a  similar  manner, 
so  that  these  books  form  ideal  introductions  to  the  particular 
industries  with  which  they  deal. 

In  crown  8vo,  about  150  pp.,  including  many  illustrations,  and, 
where  necessary,  a  map  and  diagrams.     3s.  net. 


Tea. 

By  A.  IBBETSON. 
Coffee. 

By  B.  B.  KEABLE. 
Sugar. 

By  GEO.  MARTINEAU,  C.B. 
Oils. 

By  C.  AINSWORTH  MITCHELL. 
Wheat  and  Its  Products. 

By  ANDREW  MILLAR. 
Rubber. 

By    C.     BEADLE    and    H.     P. 

STEVENS,  M.A.,  Ph.D.,  F.I.C. 
Iron  and  Steel. 

By  C.  HOOD. 
Copper. 

By  H.  K.  PICARD. 
Coal. 

By  FRANCIS  H.  WELSON, 

M.Inst.M.E. 
Timber. 

By  W.  BULLOCK. 
Cotton. 

By  R.  J.  PEAKE. 
Silk. 

By  LUTHER  HOOPER. 
Wool. 

By  J.  A.  HUNTER. 
Linen. 

By  ALFRED  S.  MOORE. 
Tobacco. 

By  A.  E.  TANNER. 


Leather. 

By  K.  J.  ADCOCK. 
Clays  and  Clay  Products. 

By  ALFRED  B.  SEARLE. 
Paper. 

By  HARRY  A.  MADDOX. 
Soap. 

By  WILLIAM  H.  SIMMONS,  B.Sc. 

(Lond.),  F.C.S. 
Glass  and  Glass  Making, 

By  P.  MARSON. 
Gums  and  Resins. 

By   ERNEST   J.    PARRY,    B.Sc., 

F.I.C.,  F.C.S. 
The  Boot  and  Shoe  Industry. 

By  J.  S.  HARDING. 
The  Motor  Industry. 

By  HORACE  WYATT,  B.A. 
Gas  and  Gas  Making. 

By  W.  H.  Y.  WEBBER,  C.E. 
Furniture. 

By  H.  E.  BINSTEAD. 
Coal  Tar. 

By  A.  R.  WARNES,  F.C.S. 
Petroleum. 

By  A.  LIDGETT. 
Salt. 

By  A.  F.  CALVERT,  F.C.S. 
Zinc  and  Its  Alloys. 

By  T.  E.  LONES,  M.A.,  LL.D. 
Asbestos. 

By  A.  L.  SUMMERS. 
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Common  Commodities  Series — contd. 


Knitted  Fabrics. 

By    JOHN    CHAMBERLAIN    and 

JAMES  H.  QUILTER. 
Cordage  and  Cordage  Hemp. 

By    T.     WOODHOTTSE    and    P. 

KTLGOUR. 
Carpets. 

By  R.  S.  BRINTON. 
Photography. 

By  W.  GAMBLE,  F.R.P.S. 
Acids,  Alkalis,  and  Salts. 

By  G.  H.  J.  ADLAM,  M.A.,  B.Sc. 
Silver. 

By  B.  WHITE. 
Electricity. 

By  R.  E.  NEALE,  B.Sc.  (Hons.). 
Butter  and  Cheese. 

By   C.    W.    WALKER    TISDALE 

and   JEAN   JONES 
Paints  and  Varnishes. 

By  A.  S.  JENNINGS,  F.I.B.D. 
Aluminium. 

By  G.  MORTIMER,  M.Inst.Met. 
Gold. 

By  B.  WHITE. 
Stones  and  Quarries. 

By  J.    ALLEN  HOWE,   B.Sc. 
Lead. 

By  J.  A.  SMYTHE,  Ph.D.,  D.Sc. 
The  Clothing  Industry. 

By  B.  W.  POOLE,  M.U.K.A. 
Modern  Explosives. 

By    S.    I.    LEVY,    B.A.,    B.Sc. 
Anthracite. 

By  A.  L.  SUMMERS. 
The  British  Corn  Trade. 

By  A.  BARKER. 
Engraving. 

By  T.  W.  LASCELLES. 
Telegraphy,  Telephony,  and 

Wireless. 

By  JOSEPH  POOLE,  A.M.I.E.E. 
The  Raw  Materials  of  Perfumery. 

By    ERNEST    J.  PARRY,  B.Sc. 
Cold  Storage  and  Ice  Making. 

By  B.  H.  SPRINGETT. 
The  Electric  Lamp  Industry. 

By  G.  ARNCLIFFE  PERCIVAL. 
Patent  Fuels. 

By    J.    A.    GREENE   and    DR. 

MOLLWO  PERKIN. 
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Gloves  and  the  Glove  Trade. 

By  B.  E.  ELLIS. 
The  Jute  Industry. 

By    T.     WOODHOUSE    and    P. 

KlLGOTTR. 

The  Film  Industry. 

By  DAVIDSON  BOUGHEY. 
The  Cycle  Industry. 

By  W.  F.  GREW. 
Drugs  in  Commerce. 

By  J.  HUMPHREY,  Ph.C. 
Cotton  Spinning. 

By  A.  S.  WADE. 
Sulphur. 

By  H.  A.  AUDEN,   D.Sc. 
Ironfounding. 

By  B.  WHITELEY. 
Textile  Bleaching. 

By  ALEC.  B.  STEVEN. 
Alcohol. 

By  C.  SIMMONDS. 
Internal  Combustion  Engines. 

By  J.  OKILL,  M.I.A.E. 
Straw  Hats. 

By  H.  INWARDS. 
Velvet  and  Corduroy. 

By  J.  H.  COOKE. 
Dyes. 

By  A.  J.  HALL. 
Concrete. 

By  W.   NOBLE  TWELVETREES. 
Wine  and  the  Wine  Trade.      . 

By  ANDR£  L.  SIMON. 
Wall  Paper. 

By  G.  WHITELEY  WARD. 
Sponges. 

By  E.  J.  J.  CRESSWELL. 
Clocks  and  Watches. 

By  G.  L.  OVERTON. 
Incandescent  Lighting. 

By    S     I.   LEVY,   B.A.,    B.Sc. 
Oil  Power. 

By  SIDNEY  H.  NORTH. 
The  Fishing  Industry. 

By  DR.  W.  E.  GIBBS. 
Starch  and  Starch  Products. 

By  H.  A.  AUDEN,  D.Sc.,  F.C.S. 
Talking  Machines. 

By  OGILVIE  MITCHELL. 
Brushmaker,  The. 

By  WM.  KIDDIER. 


FOREIGN   LANGUAGES 
FRENCH 

PRICE 

Progressive  French  Grammar. 

By  DR.  P.  A.  HEDGCOCK,  M.A.,  D.es.L.     Part  I, 

3/6  Net.     Part  II,  3/-  Net  .          .     Complete     Net       5/6 

Commercial  French  Grammar. 

By  F.  W.  M.  DRAPER,  M.A.,  B.&s.L.     .          .          .     Net       2/6 

French-English    and    English -French    Com- 
mercial Dictionary. 

By  F.  W.  SMITH Net     10/6 

Commercial  Correspondence  in  French.     Net      3/6 
GERMAN 

A  New  German  Grammar. 

By  J.  KEEGAN,  M.A.          .....     Net       5/6 

Commercial  German -Grammar.  i 

By  J.  BITHELL,  M.A.          .         .         .          .          .     Net       3/6 

German-English  and  English -German  Com- 
mercial Dictionary. 

By  J.  BITHELL,  M.A Net     10/6 

Commercial  Correspondence  in  German.    Net      3/6 

SPANISH 
Spanish  Commercial  Grammar. 

By  C.  A.  TOLEDANO  ....          .          .          .     Net       4/6 

Spanish-English  and  English- Spanish  Com- 
mercial Dictionary. 

By  G.  R.  MACDONALD         .....     Net     15/- 

Manual  of  Spanish  Commercial   Correspon- 
dence . 
By  G.  R.  MACDONALD Net       4/6 

ITALIAN 

Italian  Commercial  Grammar. 

By  LUIGI  RICCI          ......     Net       4/- 

Mercantile  Correspondence,  English- Italian . 

Net       5/- 


PORTUGUESE 

PRICE 

Practical  Portuguese  Grammar.  Net    7/6 

Mercantile   Correspondence,  English -Portu- 
guese. Net    3/6 

PITMAN 'S    SHORTHAND 

Pitman 's  Shorthand  holds  the  world 's  record 
for  speed  and  accuracy 

For  Complete  List  of  Text-books,  Phrase  Books, 
Dictation  Books,  Beading  Books,  etc.,  see  Pitman's 
"  SHORTHAND  AND  TYPEWRITING  CATALOGUE." 

Pitman's  Shorthand  Instructor.  5/- 

Pitman's  Shorthand  Commercial  Course.  5/- 

Pitman's  Shorthand  Rapid  Course.  5/- 

English  and  Shorthand  Dictionary.  10/- 

Shorthand  Dictionary.  7/6 
Shorthand  Clerk's  Guide. 

By  V.  E.  COLLINGE,  A.C.I.S Net       2/6 

Progressive  Dictator.  2/6 

Phonographic  Phrase  Book.  Paper  1/6,  Cloth  21- 

TYPEWRITING 

Pitman's  Commercial  Typewriting. 

By  W.  and  E.  WALMSLEY         ....  5/- 

Pitman's  Typewriter  Manual.  5/- 

A  New  Course  in  Typewriting. 

By  MRS.  SMITH-CLOUGH,  F.Inc.S.T.     .         .          .     Net       2/6 
Practical  Course  in  Touch  Typewriting. 

By  C.  E.  SMITH          ......  2/6 

Dictionary  of  Typewriting. 

By  H.  ETHERIDGB     ......     Net       7/6 

Mechanical  Devices  of  the  Typewriter. 

By  R.  T.  NICHOLSON,  M.A Net       6/- 

Work  and  Management  of  a  Copying  Office, 

The.  Net    10/6 

Complete  List  post  free  on  application. 
Sir  Isaac  Pitman  &  Sons,  Ltd.,  Parker  St.,  Eingsway,  London,  W.C.2 
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BRITAIN'S  BEST 


PHOTOGRAPHIC 

PAPERS 

Bromide,  Gas-light,  Self-Toning,  and  P.O.P. 

ILLINGWORTH'S  Papers  may  be  used  with  perfect 
confidence — they  are  manufactured  by  expert  chemists 
under  ideal  conditions,  in  fine  works  equipped  with  the 
latest   and   most  up-to-date    machinery,  and    are    con- 
sequently absolutely  reliable  under  all  climate  conditions 

Illingworth's   are  specialist* 

Their  Scientists  and  Staff  concentrate  their  whole  efforts 

on  the   production  of  Perfect  Papers  and 

Post  Cards.     The  hugh  sale  of  the 

Illingworth's  Productions 

is  the  result 
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